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TO   HIS   ROYAL  HIGHNESS 

THE   PRINCE  ALBERT,  K.G., 

KTC.    BTC.    ETC. 

Sir  : 

In  tendering  to  Your  Royal  Highness  the  humble  expression 
of  my  deep  and  grateful  sense  of  Your  Royal  condescension, 
in  accepting  the  Dedication  of  the  following  History  of  Naval 
Architecture,  I  venture  to  hope  that  the  character  of  the  subject 
will  procure  for  its  imperfections  an  indulgent  consideration. 

I  feel  it  impossible  to  doubt  that  both  the  national  importance, 
as  an  art,  and  the  high  position  as  a  science,  of  the  subject  treated  v 

in  these  pages  will  entitle  it,  in  the  estimation  of  Your  Royal 
Highness,  to  a  prominent  place  among  those  elevating  studies 
and  pursuits,  the  extending  cultivation  of  which  alike  contributes 
to  heighten  the  lustre  of  the  reign  of  our  gracious  and  beloved 
Queen,  and  to  increase  the  greatness  and  prosperity  of  Her 
people. 

That  Your  Royal  Highness,  in  whom  the  arts  and  sciences 
have  ever  found  a  generous  patron,  and  whose  warm  interest  in 
all  that  concerns  the  welfare  of  Her  Majesty's  subjects  at  once 
commands  their  gratitude  and  esteem,  may  long  continue  to  fulfil 
and  adorn  your  exalted  station  among  them,  is  the  earnest  desire 
and  prayer  of 

Your  Royal  Highness'  most  humble. 

Most  dutiful  and  most  grateful  servant, 

JOHN  FINCHAM. 

Hjbr  Majesty's  Dockyard, 

Portsmouth,  March,  1851. 
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PREFACE. 


The  original  intention  of  the  Author,  in  preparing  an  account  of 
the  history  and  progress  of  Naval  Architecture,  was,  that  it  should 
form  an  introduction  to  the  third  edition  of  his  "  Outline  of  Ship- 
building.'* It  soon,  however,  became  evident  that  the  subject  was 
too  extensive  for  the  limits  assignable  to  an  introductory  essay ; 
and  whilst  the  materials  which  were  available  for  such  a  History 
were  sufficiently  ample  to  call  for  their  production  in  a  separate 
form,  it  was  felt,  that  the  attempt  was  folly  justified  by  the  in- 
timate connection  of  the  theme  with  the  naval  and  commercial 
greatness  of  the  British  empire.  Narratives  of  the  exploits  of 
our  naval  armaments  are,  doubtless,  more  attractive  and  exciting 
to  the  national  feelings  than  the  details  of  their  construction; 
yet,  while  on  the  one  hand,  the  naval  supremacy  and  commercial 
prosperity  of  Great  Britain  are  legitimate  objects  of  satisfaction 
and  of  hope,  on  the  other,  the  history  of  the  progress  of  the  art 
of  naval  construction,  from  the  production  of  the  first  unskilled 
design  up  to  its  present  magnitude  and  importance,  cannot  fail  to 
present,  to  all  reflecting  minds,  a  subject  alike  interesting  and 
instructive. 

The  condition  of  Naval  Architecture  is  ascertained  in  the 
services  of  ships  and  fleets :  it  has  therefore  been  necessary  to 
notice  both  the  occasions  of  their  employment,  and  their  actual 
performances,  as  bearing  on  the  progress  which  has  been  made 
in   designing  and    building  them.     The  relation  of  ships'  per- 
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formances  to  subsequent  improvements  in  naval  construction  is, 
however,  generally,  not  very  marked ; — still,  most  of  the  im- 
provements in  the  British  navy  have  been  made  only  after 
experience  had  demonstrated  their  necessity.  Hence,  what  a 
ship  is  able  to  do,  as  well  as  what  is  required  of  ships,  whether 
in  sailing,  in  evolutions,  or  in  action,  should  be  known  to  every 
naval  architect  who  wishes  to  leave  his  profession  in  a  better 
state  than  he  found  it  in.  These  considerations  have  led  to 
the  introduction  of  the  particulars  of  many  actions  in  which 
British  ships  have  been  engaged  with  those  of  an  enemy;  the 
details  are  necessarily  brief,  and  subservient  to  the  main  purpose 
of  the  narrative  ;  in  furtherance  of  which  they  will  afford  useful 
illustrations  of  the  strength  and  condition  of  the  naval  force  of 
the  country,  at  the  several  periods  at  which  they  occurred. 

In  several  of  the  European  States,  the  science  of  Ship-building 
has  long  been  an  object  of  national  interest.  It  has  occupied  a 
higher  position  as  a  subject  of  literature  than  in  England ;  its 
profession  has  been  more  honourably  esteemed,  and  its  progress 
has  testified  the  value  of  public  patronage.  Naval  Architecture 
requires  to  be  placed  in  the  position,  in  this  country,  that 
Civil  Architecture  has  always  occupied ;  the  want  of  such  con- 
sideration and  respect  has  given  a  depressed  character  to  the 
art  of  ship-building  in  England,  as  well  as  to  the  cast  of  our 
hterature  connected  with  the  subject.  Spain,  France,  Russia, 
and  Sweden  have  successively  made  Naval  Architecture  a  national 
object,  and  each  of  those  countries  has  produced  one  work  or 
more  of  distinguished  merit  on  ship-building ;  the  names  of  Don 
George  Juan,  Bouguer,  Daniel  Bernoulli,  Vial  du  Clairbois,  Euler, 
Romme,  and  Chapman,  claim  this  acknowledgment  wherever  their 
works  are  known ;   while  England,  though  greater  in  maritime 
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power,  and  far  more  deeply  interested  in  the  subject  than  either 
of  those  nations,  has  hitherto  produced  nothing  comparable  to 
the  works  of  these  authors. 

It  is  not  hereby  contended,  that  literary  distinction  should  be  a 
principal  aim  of  the  naval  architect ;  the  enlargement  and  applica- 
tion of  the  theory,  and  the  perfection  of  the  art,  are  his  immediate 
and  legitimate  objects.  But  the  investigation  and  development  of 
a  theory  so  diflBlcult,  can  be  pursued  only  to  the  extent  to  which 
the  study  of  the  higher  branches  of  mathematics  and  natural 
philosophy  has  been  carried ;  and  this,  commensurate  with  the 
requirements  of  the  present  day,  can  hardly  be  expected,  unless 
the  profession  of  Naval  Architecture  be  raised  in  rank :  a  step 
called  for  by  the  naval  interests  of  England,  and  by  the  national 
honour  identified  with  those  interests.  France  has  her  GSnie 
Maritimey  whose  members  have  both  education  and  rank  befitting 
their  place  in  the  service  of  the  State.  England,  too,  some  years 
since,  formed  a  school  of  Naval  Architecture,  but  afterwards 
repented  of  having  done  so ;  and  several  of  its  members,  who 
have  since  withdrawn  from  the  Government  service,  have  reaped 
the  reward  of  their  talents  in  other  quarters.  After  the  lapse 
of  sixteen  years,  the  system  has  been  partially  revived,  on  an 
altered  plan;  as  the  establishment  is  yet,  however,  in  an  early 
stage  of  its  reconstruction,  any  opinion,  as  to  its  probable  value 
to  the  service  in  its  present  form,  would  be  premature. 

It  is  freely  admitted,  that  much  of  the  improvement  which  is 
advocated  in  the  foregoing  remarks  will  depend  on  the  qualifi- 
cations and  exertions  of  the  naval  architects  themselves;  but 
these  being  granted,  if  their  reasonable  claims  be  well  enforced 
and  sustained,  they  must  eventually  be  conceded. 
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The  diflSculty  of  determining  the  laws  of  the  resistance  of 
fluids,  and  of  the  motions  of  ships  in  a  sea,  has  led  some  persons 
to  conclude  that,  so  far  as  Naval  Architecture  depends  on  those 
laws,  further  progress  is  not  to  be  expected  therein:  it  might 
be  so,  if  all  whose  province  it  is  to  investigate  such  subjects 
were  of  that  opinion.  But  when  we  look  at  what  has  been 
accomplished  in  some  of  the  physical  sciences,  in  which  questions 
of  the  greatest  difficulty  have  presented  themselves  at  the  outset 
of  an  inquiry,  and  have  had  their  exact  solution  at  its  close,  it 
seems  presumptuous  to  infer  beforehand  what  may  yet  be  the 
results  of  more  patient  investigation  in  this.  The  successful 
development  of  the  laws  of  the  planetary  and  lunar  motions  was 
long  impeded  by  the  difficulties  which  lay  in  the  path  of  inquiry ; 
but  these,  having  been  successively  overcome,  the  laws  have  been 
clearly  traced.  Success  so  eminent  as  this  should  not  only  forbid 
despair,  with  regard  to  labours  yet  required  to  be  undertaken  for 
ascertainiqg  the  laws  of  the  resistance  of  fluids,  but  it  should  both 
inspire  confidence  in  entering  upon  such  inquiries,  and  encourage 
a  steady  perseverance  in  their  pursuit. 
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INTRODUCTION 


TO  THB 


HISTORY  OF  SHIP  BUILDING; 


SHOWIira    BBIEFLT    THB    APFLIOATION    Or    MATHEMATICAL    SCIBNCS    TO    THIS    ART. 


It  was  not  only  daring  the  earliest  ages  of  the  employment  of  ships^  that 
the  art  of  building  them  had  to  be  carried  on  separately  from  the  aid  of 
science  in  their  construction ;  but  this  state  of  things  has  marked  almost 
the  entire  course  of  history.  If  we  turn  back  to  centuries  that  have  passed 
away,  we  perceive  that  ships  have  been  built  much  in  accordance  with  the 
tastes  of  the  ages  respectively,  determined  ultimately,  as  mechanical  skill 
was  able  to  give  a  good  or  only  an  indifferent  effect  to  the  designs  of  con- 
structors. But  there  were  tastes  proper  to  countries  as  well  as  to  periods, 
marking  a  state  of  rudeness  or  of  comparative  refinement,  long  before  any 
thing  like  a  scientific  basis  was  laid  for  so  important  an  art.  The  develop- 
ment of  art  never  waited  for  this  basis ;  necessity  impelled  it  onwards ;  and, 
along  with  many  errors,  it  always  associated  some  important  truths ;  and, 
gathering  on  the  side  of  truth,  and  rejecting  on  that  of  error,  a  long  course 
of  experience  produced  ships  of  a  high  order  of  excellence,  and  capable  of 
fulfilling  the  objects  of  their  respective  periods,  before  any  theory  of  naval 
construction  existed,  perhaps,  folly  as  much  to  the  satisfaction  of  those  who 
built  and  of  those  who  commanded  them,  as  ships  of  the  present  age  fulfil 
their  destinations. 

If  we  refer  to  the  Elizabethan  period  of  our  own  history,  when  the  royal 
navy  was  not  a  century  old,  we  perceive  that  the  ships  of  that  time  were 
sufficient  for  the  most  intrepid  courage  of  the  British  character; — and  the 
circuit  of  the  world  was  the  sphere  of  its  enterprize.  Still,  in  the  South  of 
Europe,  ships  of  nobler  appearance  were  built ;  but,  as  the  science  or  art 
of  navigation  existed  at  that  time,  there  seems  to  have  been  a  disparity 
between  the  magnitude  of  ships  and  the  genius  of  seamanship. 

During  the  seventeenth  century,  the  fragments  of  knowledge  were  so 
much  collected,  that  they  seem  to  have  formed  a  system  superior  to  what 
may  have  been  reasonably  expected  when  it  was  wholly  a  subject  of  art* 

a 


X  INTRODUCTION. 

When  the  Royal  Sovereign  was  launched  at  Woolwich,  it  was  found  that 
her  tonnage  amounted  to  precisely  the  number  of  the  date  of  the  year  in 
which  that  event  took  place.  And  this  coincidence  was  regarded  with  a 
feeling  at  least  bordering  on  superstition.  The  known  defectiveness  of  the 
methods  used  for  measuring  the  tonnage  of  ships  at  that  time,  as  well  as 
long  afterwards,  admits  now  of  a  question  whether  the  coincidence  was  real 
or  only  imaginary.  Allowing  all  that  was  alleged,  it  was  nothing  more 
than  a  curious  accident. 

M.  Lev^que,  who  translated  Don  Juan^s  celebrated  work  into  French, 
in  1783,  says,  'Howards  the  end  of  the  last  century,  Europe  had  not  a 
/   single  theoretical  work  on  navigation,  except  on  pilotage.     The  construction 
'    of  ships  was  abandoned  to  mere  carpenters ;  and  it  was  not  considered  that 
I   naval  architecture  was  based  upon  a  constant  application  of  mechanics  and 
;   geometry.'*    This  was  not  wholly  true :   for  Mr.  Phineas  Pett,  who  was 
master  of  the  Shipwrights'  Company,  and  who  was  eminent  as  a  constructor 
:    of  ships  for  many  years  during  the  seventeenth  century,  was  a  graduate  of 
the  University  of  Cambridge,  and  so  was  not  a  ''mere  carpenter.''    We 
do  not  know  that  any  one  man  gave  a  greater  impulse  to  improvement  in 
ship-building  in  England  than  he  did.     But  after  the  time  when  he  and 
I     his  son,  and  sir  Anthony  Deane  took  the  lead  in  the  construction  of  ships 
y    for  the  British  navy,  there  was  a  great  declension  of  talent ;  and  when 
v.  ship-building  was  only  an  art,  those  who  practised  it  were  so  bound  by 
ofScial  establishments,  that  they  followed  their  profession,  perhaps,  as  "  mere 
carpenters,"  according  to  the  sense  of  the  above  quotation.    And  the  con- 
struction of  ships  went  on  quite  apart  from  any  aid  which  it  needed 
from  science,  and  without  claiming  any  direct  attention  from  government 
to  secure  to  it  the  advantages  of  that  aid,  imtil  some  years  after  the  keen 
censure  had  been  expressed  against  the  defect  of  the  system.     It  is  not 
intended  to  question  the  proper  application  of  the  remark,  without  qualifi- 
cation, to  the  course  of  ship-building  in  the  different  countries  on  the 
continent  of  Europe,  regarding  which  M.  Lev6que  may  have  possessed  the 
most  accurate  information. 

If  it  is  interesting  to  trace  the  progress  of  art  in  any  of  its  usefiil 
branches, — ^to  notice  the  features  of  transition  in  successive  developments, — 
from  the  rudest  to  the  most  finished  form  in  which  its  productions  are 
exhibited,  between  the  extreme  points  of  any  interval  of  time,  it  cannot  be 
uninteresting  to  notice,  in  its  connection,  the  germ  and  expansion  of  theory 
which  may  have  aided  its  later  improvements.  We  will,  therefore,  present 
a  sketch  of  some  of  the  contributions  of  science  towards  the  construction 
of  theories  relating  to  naval  architecture. 


INTRODUCTION.  XI 

When  Louis  XIV.  was  filled  with  the  ambition  of  realizing  a  naval 
supremacy,  and  when,  under  the  able  administration  of  Colbert,  everything 
calculated  to  advance  that  object  bore  a  value  in  France,  science  began  to 
dawn  upon  the  art  of  building  ships.  In  1673,  Father  Pardies  published  a 
treatise  on  statics  (^^Trait^  de  Statique ''),  or  the  science  of  moving  forces. 
In  the  investigation  of  an  example,  he  determined  the  course  which  a  ship 
sailing  by  a  side  wind  ought  to  take.  He  considered  that  a  ship^s  way  was 
less  than  it  would  be  if  she  divided  the  fluid  with  equal  ease  at  all  parts, 
in  the  ratio  of  radius  to  the  sine  of  the  angle  which  the  sails  form  with  the 
keel ;  and  that  the  lateral  way  was  also  less  than  the  direct  way,  in  the 
compound  ratio  of  radius  to  the  cosine  of  the  same  angle,  and  of  the  lateral 
resistance  to  the  direct  resistance. 

A  brief  notice  of  a  treatise  on  naval  architecture*  that  appeared  very  short- 
ly afterwards,  will  show  the  state  of  knowledge  on  this  subject  at  that  time. 
It  does  not  appear  that  there  was  a  single  principle,  deduced  from  science, 
I  employed  to  determine  any  of  the  conditions  stated  in  that  work.  The 
)  length  of  the  keel  was  regarded  as  the  first  principle  from  which  the 
dimensions  and  proportions  of  the  other  parts  were  to  be  determined. 
Taking  this  as  a  basis,  the  work  contains  the  dimensions  of  ships  of  the 
four  rates  of  the  line,  and  of  four  classes  of  frigates,  arranged  in  the  Table 
on  the  next  page. 

It  is  clear  that  such  treatises  conld  be  of  little  use  beyond  that  of  making 
the  best  practices  general:  they  could  not  go  beyond  the  point  which 
practice  had  already  reached.  Improvement  could,  then,  hardly  be  expected 
from  them, — as  they  cotdd  not  anticipate.  Being,  also,  necessarily  subject 
to  imperfection,  the  growth  of  experience  would  soon  make  them  of  little 
help  even  in  practice :  they  would  serve,  however,  as  indexes  from  which 
may  be  inferred  the  progress  within  any  two  periods.  The  treatise  of 
M.  Dassi^  shows  what  was  the  state  of  knowledge  in  France  at  a  period 
long  afiier  the  south  of  Europe  had  been  occupying  a  distinguished  eminencei 
in  naval  architecture,  and  when  French  ships  were  looked  at  as  models  fov 
I  English  builders  to  imitate.  For,  although  the  French  navy  was  yet  in  itJ 
I  infancy,  the  care  and  energy  of  Colbert  had  been  assiduously  applied  in 
developing  its  powers ;  and  the  results  of  these  were  its  rapidly  advancing^ 
improvements,  and  its  magnified  importance.  But  it  is  evident  that  the 
attention  of  constructors  had  been  directed  to  conditions,  already  tried,  of 
building  ships,  rather  thaA  to  the  principles  of  construction. 


*  L'Architecture  Kavale,  oontenant  la  maniere  de  construire  les  Na^ires,  Gklk'es  et 
Chaloapesy  et  la  definition  de  plusleurB  autres  esp^s  de  YaiBseaux,  par  le  Sieur  Passim, 
C.R.;  Paris,  1677. 
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TABLE  SHOWING  THE  PROPORTIONS  OBSERVED  IN  THE  CONSTRUCTION  OP  SHIPS. 
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Iq  this  treatise  the  proportions  are  stated  in  order^  having  the  keel  as 
a  basis ;  and  practical  instruction  is  given  for  drawing  the  plan  of  the  hoij, 
and  forming  the  transverse  sections.  And  the  details  of  the  quantity  and 
expense  of  the  timber  and  planking  required  in  building  a  second-rate  ship 
are  given,  with  other  information,  highly  useful  then,  without  doubt ;  but 
certainly  of  limited  value  in  point  of  time. 

One  can  hardly  fail  of  perceiving  the  immense  superiority  of  well-con- 
structed theory ;  inasmuch  as,  if  the  principles  are  true,  they  anticipate  all 
coming  time,  and  are  applicable  in  all  conceivable  diversities  of  practice ; 
while  they  supply  the  means  of  acting  with  decision,  on  sure  grounds,  even 
in  the  most  trying  emergencies.  Theory,  has,  however,  all  along  had  two 
grand  obstacles  to  encounter.  The  extreme  difiBiculty  of  applying  abstract 
principles  to  so  complicated  a  machine,  with  the  conditions  of  its  proper 
element  so  little  understood,  has  been  the  chief.  And  a  common  aversion 
in  practical  ship-builders  to  have  recourse  to  theory,  has  always  been  one 
of  the  difficulties  and  discouragements  of  science  -, — ^probably  following  as 
a  consequence  of  that  which  precedes. 

The  importance  of  placing  the  operations  of  naval  architecture  on  a  less 
uncertain  basis,  led  to  a  series  of  conferences  on  the  subject,  at  Paris,  in 
168L  A  number  of  eminent  men  attended  these  conferences,  amongst 
whom  was  the  chevalier  Renaud.  They  did  not,  however,  investigate  the 
subject  with  reference  to  any  fixed  principles  of  science;  but  confined  their 
attention  for  the  most  part  to  the  external  form  of  ships.  These  were 
considered  as  geometrical  bodies,  whose  figure  was  very  nearly  known,  and 
the  object  of  their  inquiry  was,  greater  ease  or  elegance  in  forming  the 
outline ;  not  regarding  them  at  all  as  natural  and  heterogeneous  bodies, 
and,  as  such,  requiring  the  application  of  mixed  rather  than  of  pure 
mathematics.  M.  Renaud  formed  the  curves  of  ships  by  means  of  the  conic 
section.*  On  this  subject,  M.  Bouguer  remarks,  that  these  curved  lines 
were  not  preferred  because  they  were  discovered  to  possess  any  peculiar 
advantages  which  rendered  them  more  suited  to  this  use;  they  were 
employed  because  they  were  better  known,  or  more  easy  to  describe :  they 
presented  themselves  first. 

In  1689,  the  chevalier  Renaud  published  a  work  on  the  theory  of  the 
management  of  ships,  which  was  at  first  in  much  esteem,  as  it  was  said  to 
contain  the  principles  of  a  new  science.  This  author  agreed  in  some 
respects  with  father  Pardies;  and  also,  he  fell  into  some  of  his  errors. 
Further,  he  admitted,  in  common  with  most  other  scientific  men,  that  the 

*  **  Histoire  de  TAcad^mie  Royale,  par  M.  du  HameL" 
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resistances  were  as  the  squares  of  the  velocities  of  the  fluids,  and  as  the 
square  of  the  sine  of  the  angle  of  incidence  of  the  water  upon  the  surface 
which  it  strikes.  It  was  not  long  before  the  Mlacy  of  some  of  his 
arguments  was  detected  by  Huygens,  and  they  were  exposed  by  him  in 
the  '^  Biblioth&que  universelle  et  historique/^  in  1693.  He  showed  that, 
according  to  the  principles  of  M.  Benaud,  a  ship  ought  to  have  a  much 
greater  velocity  than  he  had  assigned  to  her,  and  also,  that  he  had  been 
mistaken  in  fixing  the  angle  to  which  the  sails  should  be  trimmed  in  sailing 
close-hauled :  almost  the  entire  theory  was,  therefore,  discredited.  The 
chevalier  Benaud  was  not  convinced  of  the  unsoundness  of  his  principles, 
and  published  his  answer  in  the  ^' Joiumal  des  Savants,^^  1695,  defending  his 
opinions  by  reference  to  the  principle  of  the  decomposition  of  forces. 
M.  Huygens  replied,  but,  it  seems,  inconclusively ;  and  he  died  almost 
immediately  afterwards.  The  chevalier  Benaud  gained  confidence  from 
the  unsatisfactory  answers  of  Huygens ;  but  the  question  was  occupying 
the  attention  of  others ;  and  in  July  1696,  an  article  appeared  in  the 
'^Actes  de  Leipsic,'^  written  by  James  Bernoulli,  professor  of  mathematics 
at  Groningen,  admitting  the  opinion  of  Huygens,  with  some  exception. 
He  did  not  admit,  with  him  and  the  others  who  had  written  on  this  subject, 
that  the  velocity  of  the  wind  was  infinite  in  relation  to  that  of  the  ship,  a 
change  in  the  principles  which  necessarily  altered  some  of  the  results  he 
was  led  to.  M.  Benaud  then  published  a  ^'  M^moire  oh  est  d^montr^  un 
"  principe  de  la  m^canique  des  liqueurs,  dont  on  s^est  servi  dans  la  Th&)rie 
'^  de  la  Manoeuvre  des  Yaisseaux,  et  qui  a  ^t^  contest^  par  M.  Huygens.'' 
He  is,  however,  charged  with  confining  himself  to  a  defence  of  his  pro- 
position on  the  decomposition  of  motion,  and  of  fiedling  in  his  purpose  to 
disprove  the  criticisms  of  M.  Huygens.  John  Bernoulli,  professor  of 
mathematics  at  Basle,  on  first  taking  a  part  in  this  controversy,  was  in 
favour  of  M.  Benaud;  but,  on  maturer  consideration,  he  embraced  the 
opinions  of  Huygens.  In  1714,  he,  therefore,  published  an  '^Essai  d'  une 
Nouvelle  Th^orie  de  la  Manoeuvre  des  Vaisseaux.''  His  more  profound 
mathematical  learning  enabled  him  to  extend  his  investigations  beyond 
those  of  the  authors  who  had  preceded  him.  He  agreed  with  the  velocities 
which  M.  Huygens  had  found  for  ships ;  but,  as  he  did  not  limit  the 
velocity  of  the  wind,  he  could  not  obtain  results  with  so  much  exactness : 
he  made  some  addition  to  the  theory,  by  tracing  the  curve  which  determines 
the  velocities.  He  also  attended  to  the  obliquity  with  which  the  wind 
strikes  the  sails,  which  had  been  omitted  by  his  brother ; — ^investigating 
first  the  most  advantageous  angle  of  the  sails  with  the  wind,  their  angle 
with  the  keel  being  assumed,  and  then  their  most  advantageous  angle  with 
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the  keel,  their  angle  with  the  wind  being  assumed ; — and  proceeded  to 
treat  of  the  union  of  the  two  angles  so  found,  to  be  most  advantageous  to 
the  ship  in  saiUng  close-hauled.  But,  in  all  his  reasoning  on  this  subject, 
he  proceeded  on  two  suppositions, — ^that  the  velocity  of  the  wind  is  infinite, 
and  the  lee-way  zero, — ^both  of  which  are  erroneous.  His  speculations 
indicated  the  necessity  of  investigating  the  resistance  opposed  by  the  water 
to  ships  in  their  passage  through  it.  He,  therefore,  made  allowance 
for  the  suitableness  of  the  forms  of  ships  for  dividing  the  water :  the 
form  having  been  regarded^  as  a  rectangle,  in  the  reasonings  of  the  three 
preceding  authors.  But  the  investigations  in  which  he  engaged,  were 
deficient  of  practical  utility,  not  being  associated  with  knowledge  drawn 
firom  experience. 

In  order  not  to  violate  the  necessary  connection  of  these  remarks,  an 
author  of  great  celebrity  on  naval  tactics,  who  wrote  also  on  naval  con- 
struction, has  been  passed  by,  as  he  took  a  position  quite  independent  of 
the  controversy  which  was  then  engaging  the  attention  of  scientific  men. 
We  return,  therefore,  to  the  notice. 

In  1697  a  learned  Jesuit,  Paul  Hoste,  professor  of  mathematics  in  the 
royal  seminary  of  Toulon,  published  a  work  on  the  theory  of  naval  archi- 
tecture.* He  says,  ''It  cannot  be  denied  that  the  art  of  constructing 
ships,  which  is  so  necessary  to  the  state,  is  the  least  perfect  of  all  the  arts. 
The  best  constructors  buUd  the  two  principal  parts  of  the  ship,  viz.,  the 
bow  and  the  stem,  almost  entirely  by  the  eye ;  whence  it  happens  that  the 
same  constructor,  building  at  the  same  time  two  ships  after  the  same 
model,  most  firequently  makes  them  so  unequal,  that  they  have  quite  oppo- 
site qualities. 

"  Chance  ha^  so  much  to  do  with  construction,  that  the  ships  which  are 
built  with  the  greater  care  are  commonly  the  worst ;  and  those  which  are 
built  carelessly,  are  sometimes  the  best.  Thus  the  largest  ships  are  often 
the  most  defective ;  and  more  good  ships  are  seen  amongst  the  merchant- 
men than  in  the  royal  navy. 

"  Also  the  treatises  on  naval  architecture  which  have  hitherto  appeared, 
have  touched  only  upon  the  surface  of  the  construction  of  ships.  The 
writers  have  satisfied  themselves  with  giving  the  name,  form,  connection, 
and  use  of  the  various  parts  of  a  ship,  with  some  general  proportions,  which 
chance  or  caprice  had  introduced  amongst  constructors.  But  who  does 
not  see  that  all  this  may  teach  to  build  ships  either  good  or  bad  ?  and  not 


*  '^Th6orie  de  la  Constniction  des  Yaisseaaz,  quicontient  plusieuiB  traitez  de  Math^- 
matique  for  des  mati^iet  nouvelles  et  curieiues. 
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to  make  them  good  with  the  greatest  certainty  and  facility,  and  with  the 
least  possible  expense^  as  the  perfection  of  the  art  requires. 

^^  It  is  true  that  for  some  years  past^  the  French  ship-builders  have 
laboured  at  improving  their  art.  Some  "have .  begun  to  make  plans,  in 
which  they  have  determined  all  the  frames  or  models  of  the  bow  and  stem ; 
but  as  they  have  not  the  necessary  principles,  they  labour  with  little 
certainty.  Their  ships  are  not  better  than  those  which  were  built  without 
the  knowledge  of  either  reading  or  writing :  they  do  not  sail  better — often 
they  do  not  carry  sail  so  well — ^they  rather  hog — ^they  are  less  durable ;  in  a 
word,  the  constructors  of  the  present  day  agree  with  the  ancients,  that  it  is 
not  yet  knovm  what  the  sea  requires. 

^^  I  am  not  ignorant  that  very  able  persons  have  flattered  themselves  that 
they  have  found  by  practice  in  frequent  trials,  what  they  have  not  found  in 
theory.  But  I  think  they  will  be  troubled  at  succeeding;  a  ship  is  too 
complex  a  machine,  and  too  many  things  are  required  to  concur  to  make 
her  perfect,  to  be  able  to  meet  perfection  by  chance.'^  * 

We  learn  from  this  author  that  there  was  a  general  deficiency  in  the 
stability  of  French  ships,  although  constructors  were  carefully  intent  on 
giving  them  enough  of  this  property.  But  as  they  rarely  succeeded, 
almost  all  the  ships  in  the  French  navy  required  doubling  before  they 
would  carry  sufficient  sail  for  the  purposes  of  navigation.  "  It  seems,"  he 
says,  '^  that  it  should  be  easy  to  constructors  to  make  their  ships  carry  sail, 
in  giving  them,  upon  the  stocks,  the  form  which  they  have  after  having  been 
doubled ;  but  as  this  form  would  make  them  worse  sailers,  and  as  other 
ships  carry  sail  without  this  form,  constructors  have  not  been  able  to  decide 
on  using  this  means."  f  The  increase  of  heavy  ballast  in  the  hold  had 
been  tried,  and  found  not  to  meet  the  requirement.  He  undertook,  there- 
I  fore,  to  investigate  the  subject  on  geometrical  principles,  to  determine 

I  wherein  consists  the  power  of  a  ship  to  carry  sail,  and  what  the  form  of  the 
.  ship  contributes  thereto. 

All  the  reasoning  on  the  properties  and  characters  of  ships  is  preceded 
by  a  long  series  of  propositions,  geometrically  demonstrated,-^on  the  parts 
of  mechanics  involved  in  the  question, — ^from  the  very  elementary,  to 
abstruse  and  difficult  problems.  The  relative  difficulties  with  which  bodies 
divide  a  fluid  in  passing  through  it,  are  discussed  at  length;  and  both 
principles  and  conditions  are  stated  and  investigated.  It  is,  for  instance, 
stated,  that  ''the  difficulty  which  a  moving  body  finds  in  dividing  the 


*  ''  Th6orie  de  la  OonBtniction  des  YaiflBeauz/'  Preface, 
t  Ihid.,  Liv.  i.,  chap.  iL,  p.  46. 
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/  medium^  increases  in  the  same  ratio  as  the  velocity :  ^^  *  that  "  the  circle 
finds  more  difficulty  in  dividing  the  medium  by  its  flat  than  all  other  poly- 
gons equal;  and  the  triangle  finds  less.  In  like  manner^  of  all  equal 
triangles^  that  which  is  equilateral  finds  more  difficulty  in  dividing  the 
medium  by  its  fiat/and  that  which  is  more  remote  from  the  equilateral  finds 
less/'  t  This  principle  is  of  course  applied  to  solids.}  But  '^  the  pyramid 
has  no  more  difficulty  in  dividing  the  medium  by  its  base  than  by  its 
vertex.*'  § 

j       The  position  of  the  centre  of  gravity  is  considered  in  relation  to  the 

I  power  to  carry  sail.  And  after  investigating  the  forces  of  weights  placed 
unequally  away  from  the  vertical  line,  in  which  the  centres  of  gravity  of 
the  ship  and  of  her  displacement  are  fuund,  whether  within  or  without  the 
ship,  we  find  this  :  "  K  the  centre  of  gravitj^  of  the  ship  is  known,  the  force 
which  she  has  to  carry  sail  is  easily  known,  which  is  no  other  thing  than  the 
product  of  the  weight  of  the  ship  by  the  distance  between  these  centres."  || 

The  next  subject  examined  is  the  manner  in  which  forces  act  upon  the 
masts  to  incline  a  ship.  Different  positions  are  assigned  to  the  forces,  the 
relative  powers  of  which  are  investigated  geometrically ;  and  as  well  the 
force  which  depresses  the  ship  in  the  water,  as  that  which  causes  a  lateral 
inclination.  But  when  a  power,  acting  on  the  mast  in  a  horizontal  direc- 
tion, inclines  a  ship,  it  does  not  plunge  her  more  deeply  into  the  water. 
The  sections  of  the  ship  are  supposed  to  be  segments  of  circles ;  and  the 
centre  of  gravity  of  the  section  is  supposed  to  be  the  centre  from  which  the 
segment  is  drawn.  The  same  principles  are  applied  to  ships  terminated  by  • 
plane  surfaces ;  and  it  is  thereby  proved  that  the  rolling  motion  must  be 
uneasy,  in  proportion  as  the  form  of  the  sides  at  the  water-line  is  flaring  or 

vjpmbling  home,  as  in  that  motion  continued,  the  ship  experiences  constant 
alterations  of  rising  and  sinking  in  the  water,  in  relation  to  her  centre 
of  gravity ;  this  centre  not  being  that  about  which  the  motions  are 
performed.^ 

The  manner  in  which  the  doubling  of  ships  increases  their  stability  is 
considered ;  **  but  as  our  author  always  states  the  measure  of  stability  to 
be  the  product  of  the  weight  of  the  ship  and  the  distance  between  the 
centres  of  gravity  of  the  ship  and  of  her  displacement,  the  beneficial  effect 
ascribed  to  doubling  is  said  to  be  only  as  it  increases  that  multiple,  either 
by  elevating  the  centre  of  gravity  of  the  ship,  or  by  increasing  her  weight ; 
or  by  realizing  both  these  effects  conjointly. 

♦  Ibid,,  Prop.  6.  t  Prop.  17,  Cor.  t  Prop.  67,  Cor. 

§  Prop.  66,  Cor.  ||  Prop.  127,  Cor.  T  Props.  150, 151. 

**  Props.  165-6-7. 
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Before  stating  the  conditions  which  affect  the  character  of  pitching  and 
'scending^  the  simplest  state  of  these  motions  is  considered  :  when  the  ship 
is  at  anchor  in  a  smooth  sea^  a  wave  then  coming  strikes  her  bow  and 
elevates  this  extremity ;  in  this  case^  the  movement  is  accelerated  until  it 
has  reached  its  Hmit.  The  summit  of  the  wave^  then  passing  along  the 
sides  of  the  ship  to  her  stem^  elevates  that  extremity ;  and  the  correspond- 
ing depression  of  the  water  forward^  leaves  the  bow  to  fall  with  an  accele- 
rated velocity  also ;  and  so  on  successively  with  every  following  wave.* 

When  a  ship  is  under  sail^  and  meets  the  wave^  the  force  of  the  shock 
and  the  velocity  of  the  ascending  movement  are  greater;  and  unless  a 
second  wave  passes  underneath  to  sustain  the  bow^  this  extr^nity  falls  back 
more  heavily,  and  sinks  more  deeply  into  the  water  than  if  the  ship  were 
at  anchor.  On  the  contrary,  if  the  ship  go  in  the  same  direction  as  the 
waves,  and  at  the  same  velocity,  she  will  not  pitch ;  and  if  her  velocity  be 
a  little  greater  than  theirs,  she  will  pitch  very  easily.f 

In  connection  with  this  subject,  stowage  is  noticed,  but  it  appears  not 
fully  enough.  "  All  the  skill  of  stowage  consists  in  placing  the  centre  of 
gravity  of  the  ship  as  far  aft  as  possible :  '^  %  for  '^  if  the  centre  of  gravity  of 
a  ship  is  more  forward,  she  will,  on  that  account,  pitch  the  more  -y*  and  if 
the  draught  of  water  forward  is  greater  than  that  abaft,  she  will  plunge 
more  into  the  wave,  be  lifted  by  it  with  greater  force,  and  £b11  back  more 
heavily  than  if  it  were  less.§ 

A  ship,  being  supposed  of  given  form,  and  having  a  definite  movement, 
on  being  laden  more  heavily,  will  not  rise  less  above  the  wave;  but  in 
descending,  she  will  plunge  more  into  it.  But,  although  ''  a  ship  which  is 
more  laden  ought  commonly  to  pitch  more,^^  yet  he  says  ^^  commonly, 
because  the  figure  of  the  ship  may  make  her  pitch  less  when  she  is  the 
more  laden.^^  || 

The  conditions  of  form  affecting  the  pitching  of  a  ship  are,  the  sharpness 
of  the  bow  below  the  water-line,  and  the  curve  described  by  the  stem.  For, 
other  conditions  of  the  ship  remaining  the  same,  if  she  is  made  leaner 
forward,  she  will  still  be  raised  by  the  wave  nith  the  same  force,ir  and  even 
with  more  accelerated  motion  ;**  but  having  a  smaller  volimie  of  water  to 
displace  in  plunging,  she  will  penetrate  the  wave  with  more  ease,  and, 
hence,  plunge  more  deeply  into  it.ft  Therefore,  "  ships  which  are  very 
sharp  forward,  commonly  pitch  much.^'  %% 


*  Th6orie  de  la  Construction  des  Yaisseauz,  Liv.  L,  Chap,  iii.,  Props.  163, 164. 
t  Jbidy  liv.  1.,  Chap,  iii.,  Props.  166,  170.  J  Ibid.,  Prop.  174,  Cor. 

§  Ibid.,  Sec.  ii.  ||  Props.  176, 176,  and  Cor.  T  Prop.  183. 

*♦  Prop.  184.  ft  Props.  182,  Dem.  186.  tt  Prop.  186,  Cor. 
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The  stem  of  a  ship  ia  supposed  to  be  an  arc  of  a  circle :  the  relative 
height  of  its  centre  is  then  the  condition  from  which  is  deduced  the  power 
which  the  shock  of  the  wave  has  to  elevate  the  bow.  For  the  radius  of 
such  circle,  meeting  at  the  bow  of  the  ship  a  horizontal  line^  at  the  same 
height  that  the  wave  strikes  it,  and  forming  there  an  angle ;  the  motion  of 
the  wave  is  to  that  which  it  impresses  on  the  bow  of  the  ship  to  raise  it, 
as  radius  is  to  the  sine  of  such  angle.  But  the  ratio  of  radius  to  this  sine 
is  great  in  proportion  aa  the  centre  of  the  circle  is  near  to  the  water-line.* 
Therefore,  '^  the  more  the  centre  of  the  figure  which  forms  the  bow  of 
the  ship  is  elevated,  the  more  force  the  wave  has  to  raise  it,  and,  conse- 
quently, the  less  it  enters  into  the  wave,  the  less  it  plunges  in  falling,  the 
less  she  pitche8.t 

The  same  consequence  is  enunciated  in  respect  of  placing  the  centre  of 
gravity  longitudinally  in  building  a  ship,  as  by  her  stowage  :  that  the  bow 
of  a  ship  being  farther  £rom  the  centre  of  gravity,  she  will  rise  with  less 
acceleration,  and  plunge  and  pitch  less,  t 

The  shock  of  the  wave,  acting  as  well  in  diminishing  the  velocity,  as  in 
producing  the  motion  of  pitching,  we  have  this  force  resolved  into  its  two 
parts.  We  have  seen  the  ratio  of  this  force  in  raising  the  bow ;  the  other 
ratio  is  as  radius  to  the  sine  of  the  angle  of  incidence  of  the  wave  against  the 
ship;  and  it  is  this  which  diminishes  the  velocity. §  This  ratio  is  greater, 
as  the  centre  of  the  circle  of  which  the  stem  is  a  segment,  is  high ;  hence, 
"  the  wave  which  strikes  the  ship  retards  her  less  when  the  figure  of  her 
bow  has  a  more  elevated  centre.^^|| 

The  rolling  of  ships  is  noticed  most  superficially.  The  conditions  of 
rolling  are,  for  the  most  part,  identified  with  the  relative  positions  of  the 
centres  of  gravity  of  the  ship  and  of  her  displacement.  ''All  the  rest 
remaining  equal,  the  rolling  is  heavier  when  the  centre  of  gravity  of  the 
displacement  is  lower : — ^the  same  if  the  ship  is  heavier,  all  the  rest 
remaining  equal,  the  rolling  is  harder.  The  rolling  is  less  hard  when  the 
point  about  which  the  ship  rolls  is  higher,  all  the  rest  remaining  the 
same.'^  If 

We  have  rested  the  longer  on  the  notice  of  this  work,  as  it  is  the  first 
in  which  we  find  any  attempt  at  bringing  the  construction  of  ships  under 
the  ruling  power  of  mathematical  science.  Unable  to  acknowledge  an 
accuracy  in  many  propositions  in  which  the  author  professes  to  demonstrate 
some  of  the  most  important  principles  in  the  construction  of  ships,  it  cannot, 


*  Prop.  189.  t  Prop.  189,  Cor.  J  Prop.  190,  and  Cor. 

§  Prop.  193.  II  nid,y  Cor.  IT  Props.  206-7-8. 
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nevertheless^  be  uninteresting  to  see  how  far  he  applies  the  principles  and 
reasonings  of  geometry.  The  work  supplies  a  proof  of  the  extent  to  which 
science  could  be  applied  at  that  time^  in  constructing  a  theory  of  naval 
architecture.  No  disappointment  is  felt  at  witnessing  the  small  measure  of 
success  that  rewarded  the  effort.  Apart  from  the  deficiencies  of  the  theory, 
and  the  erroneous  propositions  which  it  includes,  it  may,  perhaps,  be  fairly 
supposed  that  it  appeared  before  the  time  when  practical  ship-builders  were 
at  all  prepared  to  countenance  such  a  work,  by  adopting  purely  mathematical 
principles  as  the  basis  of  their  designs.  Nor  is  this  all :  the  men  who 
ruled  the  interests  of  the  French  marine,  seem  not  to  have  favoured  science; 
for,  whilst  the  council  which  sat  at  Paris,  in  1681,  may  have  had  no  abler 
work  to  ground  their  discussions  and  determine  the  future  plan  of  con- 
structions on,  than  that  of  the  Sieur  Dassi^,  we  see  that  the  government  of 
France  continued  to  build  ships  on  the  plan  determined  by  that  council, 
for  half  a  century  after  Paul  Hostess  theory  was  published. 

A  period  of  practical  enterprize  in  navigation  had  long  ago  set  in,  and 
the  plan  of  European  warfare  was  increasingly  making  the  results  of  national 
conflict  dependent  on  the  respective  naval  powers.  These  two  facts  com- 
bined to  forbid  a  return  to  indifference  on  whatever  related  to  this  power  in 
Europe :  but  whilst  motives  to  the  cultivation  of  naval  architecture  were 
presented  on  every  side,  there  appears  to  have  been  a  general  misapprehen- 
sion of  the  means  by  which  improvement  should  be  carried  on.  Paul 
Hoste's  treatise  was  dedicated  to  the  king ;  but  it  appears  to  have  failed  of 
producing  any  effect  in  modifying  the  construction  of  ships.  This  failure 
can  hardly  be  attributed  to  the  unsoundness  of  his  views  on  some  of  the 
most  important  conditions  of  the  art ;  for  it  would  be  a  very  free  supposition, 
that  whilst  science  was  but  just  beginning  to  be  applied  to  the  subject,  it 
could  detect  the  fallacies  into  which  he  had  fallen. 

Naval  construction,  and  the  theory  of  navigation,  continued,  however,  to 
engage  some  attention ;  the  mathematicians  of  the  Continent  giving  their 
thoughts  thereon,  in  the  course  of  a  lengthened  controversy  that  was  carried 
on  in  their  literary  journals  and  otherwise. 

This  controversy  appears  to  have  arisen,  indirectly,  out  of  a  previous  work 
written  by  Paul  Hoste,  and  published  in  1692.  Some  of  the  views  enunci- 
ated in  that  work  differed  from  those  laid  down  in  his  work  on  the  construc- 
tion of  ships ;  perhaps  they  were  sounder,  as  between  the  periods  of  writing 
the  two,  he  changed  his  opinion  on  the  resistances  of  fluids.  Our  author, 
as  well  as  the  chevalier  Benaud,  drew  the  principles  embodied  in  his  first 
work  from  father  Pardies,  who  had  written  a  discourse  on  moving  forces, 
and  on  the  motions  of  ships ;  but  who  has  not  the  reputation  of  rigid 
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accuracy  in  his  reasonings.  Although  P.  Hoste  was  deeply  interested^ 
yet  he  took  no  part  in  this  controversy^  leaving  it  to  the  hands  of  some 
of  the  most  celebrated  mathematicians  of  the  continent.  It  was  begun  by 
M.  Huygens,  and,  extending  over  a  period  of  nearly  half  a  century,  it  was 
concluded  by  M.  Bernoulli^  in  the  publication  of  an  essay  on  a  new  theory 
of  seamanship.  The  resistance  of  fluids  was  investigated  and  discussedU 
but  with  too  much  dependence  on  abstract  principles,  apart  from  accuratal 
experiment.  A  great  difference  of  opinions,  therefore,  appeared ;  and  the 
experience  of  later  times,  both  in  France  and  in  England,  has  proved  that 
neither  party  was  right ;  for,  although  no  efforts  have  yet  succeeded  in 
establishing  a  definite  ratio  of  resistance  with  the  velocity  of  the  body 
passing  through  the  fluid,  yet  it  has  been  clearly  shown  that  the  resistance 
is  neither  proportional  to  the  simple  velocity,  and  to  the  sine  of  the  angle 
of  incidence,  according  to  P.  Hoste^  nor  to  the  squares  of  those  quantities, 
according  to  other  mathematicians. 

All  that  was  written  in  this  controversy  was  too  incomplete,  and  came 
out  in  too  desultory  a  manner  to  be  of  much  benefit  in  naval  architecture. 
Knowledge  on  this  subject  was  disjointed,  being  found  rather  in  fragments 
than  in  association.  Thus,  apart  from  the  established  conditions  which,  by 
authariif/,  ruled  the  construction  of  ships,  there  was  scarcely  anything  to 
guide  besides  the  results  of  experience.  Nothing  was  done  effectually  to 
point  out  to  ship-builders  the  necessary  relations  of  collateral  facts ;  and  in 
this  state  of  things,  the  simple  observance  of  these  facts  was  of  but  little 
use.  Even  the  imperfect  knowledge  that  was  possessed  on  this  subject  had 
too  limited  a  circulation  amongst  those  who  practised  the  art.  Practical 
constructors  grew  jealous  of  theorists ;  and  truth  was  rather  suppressed 
than  declared  by  those  with  whom  it  was  lodged.  The  principal  dimensions 
of  ships  were  stated ;  but  the  necessary  details  of  forming  the  body  were 
given  only  in  a  manuscript  book,  written  by  M.  de  Pulmi,  which,  however, 
was  copied,  and  had  some  limited  circulation  in  that  state.  To  a  great 
extent  their  personal  knowledge  might  be  included  within  limits  that  it  was 
not  creditable  to  tell;  and  that  circumstance  might  be  a  motive  why  they 
were  so  little  communicative.  On  the  testimony  of  M.  Bouguer,  we  know 
that  the  knowledge  of  merely  practical  ship-builders  was  grossly  defective. 
He  says,  '^  It  always  happens  that  they  think  differently  from  each  other ; 
and  yet  each  aDeges,  with  equal  confidence  in  his  favour,  his  own  practice, 
or  a  tedious  list  of  ships  which  he  has  already  constructed.  As  it  is  impos- 
sible to  reconcile  them,  because  they  have  no  means  of  doing  it, — ^neither 
common  principle  of  agreement  from  which  they  can  set  out,  nor  rule,  nor 
even  index  to  discern  the  truth  by,  or  to  bring  them  acquainted  with  it. 


fi 
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they  are  reduced  to  a  continual  repetition  of  the  same  assertions  in  the  place 
of  proofs/'  ♦ 

This  state  of  naval  axchitecture  showed  the  necessity  of  treating  the  sub- 
ject in  a  fuller  and  more  intelligent  manner  than  any  author  had  yet  done. 
The  extreme  complexity  of  the  subject,  and  the  importance  of  avoiding  the 
intricacy  of  symbolical  reasoning,  were  ftdly  perceived  by  the  author  of  the 
elaborate  treatise  just  quoted.  His  work  has,  therefore,  but  little  of  algebraic 
fimnulse ;  the  investigation  of  principles  being  conducted  more  by  the  aid  of 
geometiythan  by  mixed  mathematics.  At  the  sametime,he  distinctly  acknow- 
ledges the  insufficiency  of  abstract  reasoning  to  reach  the  end  he  had  in  view, 
whilst  he  had  proof  enough  of  the  inadequacy  of  knowledge  derived  simply 
firom  practical  sources.  "  Experience  would  be  the  best  means  of  per- 
fecting naval  architecture,  if  the  thing  were  possible;  but  it  is  plain  enough 
that  practice  is  insufficient  in  many  cases.  It  is  certain,  that  if  this  alone 
is  capable  of  rendering  some  parts  perfect,  it  has  need,  in  an  infinity  of 
others,  to  be  aided  by  the  light  of  theory .''  t 

With  so  distinct  and  full  a  perception  of  the  value  of  practical  knowledge, 
in  connection  with  what  theory  might  enunciate,  he  describes  the  different 
sorts  of  ships  to  which  it  was  necessary  to  give  attention,  and  enters  into  a 
detail  of  the  parts  composing  them.  It  is  not  necessary  to  follow  these  de- 
tails, either  of  the  parts  of  ships,  or  of  the  way  in  which  the  relative  strength 
of  any  part  was  shown  to  be  sufficient  or  otherwise ;  nor  is  it  within  the 
compass  of  this  brief  notice  to  say  anything  of  the  several  practical  methods 
of  forming  the  midship  and  some  other  sections,  any  more  than  of  the 
curves  determining  the  outline  of  the  body.  It  was,  however,  in  giving  to 
the  body  such  a  figure  as  would  best  suit  the  conditions  of  a  ship  that  the 
great  difficulty  was  felt.  He  says,  "  But  if  the  ordinary  maxims  must  be 
found  imperfect,  it  is  principally  in  the  figure  itself  which  is  given  to  the 
body  of  ships ;  for  it  was  impossible  to  discover,  by  practice  alone,  and  by 
trials,  how  often  soever  repeated,  the  particulars  of  an  entire  curved  surface, 
which  is  an  assemblage  of  an  infinity  of  curved  lines  and  of  points.  It  must 
not,  then,  be  doubted  that  it  is  here  where  construction  needs  to  be  reformed. 
It  may  happen,  in  particular  conditions,  that  we  cannot  rigorously  follow 
the  precepts  of  theory ;  but  it  is  at  least  always  advantageous  to  know  them, 
in  order  to  have  in  view  the  point  of  perfection,  at  the  same  time  that  we 
cannot  reach  it,  and  are  obliged  to  stop  short  of  it.''  % 

The  consideration  of  the  character  of  the  curved  surface  forming  the 


*  Trait6  du  Navire,  Preface,  p.  xviii.  t  TWc?.,  Liv.  i.  Sec.  L  Chap.  x. 

X  Ibid*,  Liv.  L,  Sec.  L>  Chap.  x. 
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bow  of  a  ship^  ahould  ueoessarily  indnde  some  inquiry  into  that  fonn 
whicli  offers  the  least  resistance  to  direct  motion.  This  subject  is  there- 
fore discussed;*  and  the  properties  of  the  conoidal  curve  are  treated 
of  at  some  length,  with  the  different  forms  of  bases,  which  affect  more  or 
less  the  value  of  the  curve  in  receiving  the  impulse  of  the  water  with  the 
less  direct  resistance.  The  difference  of  form  suited  best  to  oblique  sailing, 
is  also  stated  in  connection  with  the  other. 

But,  as  it  does  not  follow  that  the  curve  of  least  resistance  is  that  best  / 
suited  to  fulfil  the  conditions  of  a  ship^s  bow,  the  advantages  of  different 
forms  are  brought  under  review  and  investigation.  And,  as  the  form  which 
would  realize  the  greatest  speed  in  running,  would  not  be  the  best  for 
sailing  by  the  wind,  the  relative  characters  of  different  forms,  in  respect  of 
the  resistance  they  would  oppose  to  the  vertical  as  well  as  to  the  horizontal 
pressure  of  the  water,  are  considered. 

It  is  not  intended  to  notice  generally  the  considerations  which  this  com- 
plicated  subject  includes  :  a  few  must  be  alluded  to.  After  some  observa- 
tions on  the  inertia  of  the  whole  mass  of  a  ship  in  the  water,  the  following 
statements  are  made :  '^  Another  object  must  be  attended  to,  if  ships  were 
intended  to  sail  only  before  the  wind.  It  would  be  necessary  to  make  the 
relative  vertical  pressure  of  the  water  on  the  bow  as  great  as  possible  in 
relation  to  the  pressure  which  is  borne  in  the  line  of  the  axis.  The  bow 
being  then  pushed  upwards  with  the  greatest  force,  or  what  amounts  to 
the  samCj  the  direction  of  the  impulse  of  the  water  making  a  great  angle 
with  the  horizon,  the  point  velique  would  be  more  elevated ;  the  ship  would 
be  able  to  carry  more  sail,  and  higher  masts  in  a  direct  course,  which  would 
in&lUbly  make  the  speed  greater,  since  the  resistance  of  the  water  at  the 
same  time  would  be  as  small  as  possible,  regard  being  had  to  the  great 
impulse  of  the  wind.  But  it  appears  more  certain  to  regulate  the  dimen- 
sions of  the  sails  by  what  is  required  in  oblique  courses,  in  which  too 
much  height  of  masts  would  expose  them  to  greater  dangers.  In  effect, 
if  greater  dimensions  are  given  to  the  masts,  in  order  to  have  their  advan- 
tage in  a  direct  course,  the  ship  would  be  liable  to  be  lost  whenever  it 
shotdd  be  necessary  to  pass  suddenly  to  a  very  oblique  course,  before  time 
should  be  had  to  take  in  the  sails.  Further,  it  must  be  remarked,  that 
the  property  which  the  bow  wotdd  have  of  being  pushed  upwards  vertically 
with  greater  force,  would  prejudice  that  which  it  ought  to  have,  of  being 
exposed  but  little  to  the  impulse  in  the  direction  of  its  axis.  These  two 
advantages,  very  far  from  being  united,  are  on  the  contrary  really  incom- 
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patible^  in  almost  all  figures^  if  we  except  some^ — as  the  bow^  which  is 
terminated  by  a  single  rectangular  plane^  inclining  forwards. 

^'  Thus^  we  ought  to  propose  to  ourselves^  in  the  present  discussion^  to 
diminish  the  resistance  which  the  bow  experiences  in  dividing  the  water^ 
only  to  the  extent  that  it  can  be  done  without  too  much  injuring  the  mag- 
nitude of  the  masts ;  the  ship  will  then  sail  faster  with  a  fair  wind ;  and 
this  advantage  will  be  possessed  without  running  a  risk.  We  ought  not  to 
render  the  resistance  an  absolute  minimum,  as  heretofore^  but  to  render  it 
the  least  that  we  can^  regard  being  had  to  the  moment  of  the  weight  of 
the  ship  in  relation  to  the  m^tacentre ;  because  the  quantity  of  sails  that 
the  ship  can  carry  depends  on  the  greatness  of  this  moment.^'  * 

Whilst  the  conoidal  curve  forms  the  most  advantageous  limit  for  a  ship's 
bow,  our  author  says,  '*  In  proportion  as  we  suppose  that  the  total  moment 
of  the  weight  of  the  ship  diminishes,  we  must  make  the  bow  full,  forsaking, 
consequently,  the  figure  of  least  resistance ;  and  the  other  limit,  that  of  the 
greatest  fulness,  is  found  when  we  take  away  all  the  after  body,  or  when 
the  moment  of  the  weight  of  the  ship  is  reduced  to  be  the  moment  of  only 
the  weight  of  the  fore  body.  But  in  this  last  case,  the  same  as  in  all  the 
others  which  are  intermediate,  the  most  advantageous  figure  then  becomes 
more  and  more  conformable  to  that  of  the  least  resistance,  according  as  it 
approaches  from  its  extremity  to  its  summit ;  and  that  because  the  moment 
of  the  remaining  part  diminishing  always  in  relation  to  the  total  moment, 
it  is  more  right  to  consider  this  last  moment  as  infinite. 

'^  Further,  this  relation  which  there  is  between  the  two  figures  of  the 
bow  oftfie  least  resistance  and  of  the  bow  of  the  greatest  velocity ^  these  two 
figures  become  absolutely  the  same,  whenever  the  horizontal  section  of  the 
body  at  the  water-line  is  given,  or  is  regarded  as  invariable.  We  are 
obliged  to  suppose  here  that  the  centre  of  gravity  of  the  ship  is  precisely  in 
the  same  point  as  the  centre  of  gravity  of  her  displacement ;  since  we  do 
not  know  of  what  substance  the  lading  or  ballast  must  be  formed.  Besides, 
it  is  sufiicient  that  the  weight  be  distributed  in  a  similar  manner  in  the 
different  figures  that  are  actually  compared,  that  this  supposition  may 
never  lead  to  error.  But  as  soon  as  the  horizontal  section  of  the  body,  at 
the  water-line,  is  invariable,  without  the  various  figures  of  the  bow  making 
any  difference  in  it,  the  power  of  the  ship  to  carry  sail  is  constant,  it 
is  equal  or  proportional  to  the  product  of  the  weight  p  by  the  quantity 
*^-^  ^^  by  which  the  centre  of  gravity  is  below  the  m^tacentre ;  and  this 
product  or  this  moment  is  equal  to  i/t/^dx.     Thus  the  alteration  which 
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would  be  made  to  the  figure  of  the  least  resistance^  would  be  not  only 
usdess^  it  would  be  without  any  reason.'^  "^ 

Although  M.  Bouguer  conducted  his  investigations  and  reasoning  with 
reference  to  the  height  of  the  m^tacentre  above  the  centre  of  gravity  of  a 
ship^  yet  it  does  not  seem  that  he  was  satisfied  of  the  sufficiency  of  that 
method  of  estimating  its  stability.  His  writings  indicate  that  the  true 
principles  of  masting  ships  were  not  understood  at  that  time.  He  complained 
of  the  too  great  height  of  the  masts ;  and  considered  it  necessary  to  state  so 
simple  a  truth  as  this : —  *'  A  very  small  sail,  but  placed  at  a  very  great 
height,  does  more  in  causing  the  ship  to  incline  than  in  giving  to  her  an 
onward  motion ;  because,  being  applied  to  the  long  arm  of  a  lever,  it  has  a 
greater  moment  in  relation  to  the  centre  of  gravity  of  the  ship  ;  whilst  a 
greater  sail,  but  placed  lower^  does  less  to  produce  inclination ;  and  that 
does  not  hinder  its  producing  all  its  effect  as  to  the  velocity  of  the  way, 
which  it  accelerates.'^ 

"  The  ordinary  rules,"  he  says,  *'  transgress,  not  only  in  giving  too  great 
an  elevation  to  the  masts;  they  have,  besides,  an  inward  and  secret  fault, 
in  that  they  do  not  give  the  law  which  the  dimensions  of  the  sails  in  different 
ahips  should  follow." 

'^  The  common  rules  being  found  defective,  we  are  not  able,  and  very 
much  is  needed,  to  substitute  for  them  others  as  simple ;  but,  nevertheless, 
if  we  once  have  a  ship  whose  masts  are  well  disposed,  we  could  make  use  of 
her  to  regulate  the  masts  of  others  which  would  be  similar.  The  relative 
powers  which  ships  have  to  carry  sail,  are  as  the  fourth  powers  of  their 
simple  dimensions;  and  the  relative  powers  which  the  masts  have  to  over- 
turn the  ship,  are  as  the  breadths  of  the  sails  multiplied  by  the  square  of 
their  height,  since  this  height  increases  the  extent  of  the  sails,  and  at  the 
same  time  makes  their  centre  of  effort  higher.  On  the  other  hand,  we  can 
hardly  dispense  with  regulating  the  breadths  of  the  sails  by  the  breadth  oi 
the  ship:  we  can  make  these  breadths  greater  or  less;  but  they  ought 
always  to  depend  on  the  other.  Thus,  while  the  relative  force  of  the  ship 
to  carry  sail  is  as  the  fourth  power  of  her  breadth,  the  relative  force  of  the 
sail  to  produce  inclination,  is  as  the  product  of  this  same  breadth  by  the 
square  of  the  height  of  the  mast.  But  if  these  two  forces  are  in  equilibrium, 
there  will  be  an  equality  between  the  two  quantities  which  express  them ;  and 
this  equality  will  still  remain  if  we  divide  the  two  quantities  equally  by  the 
breadth.  Now  it  foUows  from  this,  that  for  similar  ships  to  have  tlieir 
masts  equally  perfect,  the  squares  of  the  heights  of  the  masts  must  be  as 
the  cubes  of  the  breadths  of  these  ships,  or  the  cubes  of  their  lengths." 

*  " Traits  du  Navire,"  Liv.  iii,  Sec.  v.,  Chap.  v. 
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I  The  practical  rules  for  determining  the  masting  of  ships  are :  "  1st.  In 
I  similar  ships  the  squares  of  the  height  of  the  masts  ought  to  be  as  the  cubes 
of  the  simple  dimensions  of  ships.  2nd.  7%€  heights  of  the  masts  aught  to  be 
proportional  to  the  breadths  of  ships  whose  lengths  are  the  same.  3rd.  In 
I  ships  of  the  same  bulk,  but  of  different  lengths,  the  heights  of  the  masts  ought 
to  be  as  the  square  roots  of  the  lengths.  4th.  In  ships  of  different  lengths, 
and  different  bulk,  the  heights  of  the  masts  ought  to  be  in  the  ratio  composed 
of  the  breadths  of  the  ships,  and  of  the  square  roots  of  their  lengths,  or  they 
should  be  as  the  products  of  the  breadths  by  the  square  roots  of  the  lengths/^  * 

(The  hydrostatic  principle  of  flotation  is  stated  in  the  following  concise  \ 
and  definite  manner . — ''A  body  which  floats  on  a  liquid  is  pressed  upwards  ' 
with  a  force  equal  to  the  weight  of  the  water  or  of  the  liquid  whose  place 
it  occupies.^'  t  And  the  principles  of  floating  and  of  immersion  are  inves- 
tigated in  a  course  of  reasoning  on  the  basis  of  geometrical  facts.  This 
leads  to  a  practical  method  of  ascertaining  the  actual  weight  of  a  ship  by 
knowing  the  bulk  of  the  immersed  part.  Three  methods  of  measuring  the 
solid  content  of  the  immersed  part  are  given :  the  first  was  based  on  the 
consideration  of  its  being  kh  ellipsoid;  the  second  method  was  by  dividing 
it  into  a  great  number  of  transverse  rectangular  prisms ;  the  third  required 
simply  the  division  of  it  by  sections. 

In  connection  with  directions  how  to  find  the  position  of  the  centre  of 
gravity  of  immersion^  the  author  investigates  the  subject  of  stability^  and 
the  greatest  height  at  which  the  centre  of  gravity  of  the  ship  may  be  placed 
consistently  with  her  safety.  But  the  stability  of  ships  is  estimated  by 
determining  the  height  at  which  the  m^tacentre  is  placed  above  the  centre 
of  gravity  of  the  ship.  The  point  at  which  the  m^tacentre  is  situated,  is 
investigated  at  some  length,  and  the  way  to  determine  this  point  is  enun- 
ciated. The  principles  of  relative  stability  are  stated  thus : — '^  In  ships 
which  differ  only  in  their  lengths,  the  stabilities  are  in  the  same  ratio  as 
these  lengths.  When  ships  are  of  the  same  length,  their  stabilities  are  as 
the  cubes  of  their  breadths.^'  J 

Akin  to  the  last  subject  is  that  of  the  motions  of  rolling  and  pitching. 
The  character  of  these  is  investigated  on  the  supposition  that  they  are 
similar  to  the  oscillations  of  a  synchronous  pendulum.  The  whole  argu- 
ment being  based  on  an  hypothesis  which  science  does  not  now  acknowledge, 
there  is  no  need  to  follow  it  in  its  details. 

It  would  be  an  unreasonable  expectation  that  we  should  look  for  a 
perfect  development  of  principles  in  the  treatise  of  M.  Bouguer.    Experi- 
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ezice,  even,  had  gone  but  a  little  way,  looking  only  at  that  which  is  usefiil, 
in  induction;  and  science  itself  was  hardly  identified  with  naval  archi- 
tecture with  enough  of  certainty  in  fundamental  principles,  to  construct  any 
part  of  theory  on  a  sore  basis.  The  lapse  of  a  century,  of  which  the  greater 
part  has  been  alive  to  the  importance  of  this  subject,  leaves  much  in  doubt, 
and  mixed  with  material  error  in  almost  all, — still  needing  investigation 
based  upon  well  established  facts,  as  obviously  as  this  was  needed  when 
M.  Bouguer  wrote.  The  value  of  his  book  cannot  be  estimated  fairly 
without  looking  at  the  condition  of  knowledge  when  it  appeared, — ^without 
perceiving  the  paucity  of  acknowledged  principles  and  of  details  which  ship- 
builders might  then  depend  on  as  guides ;  but,  viewed  in  the  circumstances 
of  the  time,  the  work  is  such,  however  it  may  have  been  estimated,*  as  justly 
to  mark  a  distinct  point  in  the  history  of  the  theory  of  naval  architecture. 

In  the  year  1755,  the  prize  of  the  Soci^t^ Royals  des  Sciences  wsa  awarded 
to  M.  Chauchot,  a  very  learned  and  skilful  naval  constructor,  for  a  3f<dmoire 
on  the  manner  of  diminishing  as  much  as  possible  the  rolling  and  pitching 
of  a  ship  without  her  sensibly  losing,  by  this  diminution,  any  of  the  good 
qualities  which  her  construction  ought  to  give  her. 

The  Society  was  not  satisfied  with  the  extent  and  results  of  the  investiga- 
tion; and  therefore  offered  a  further  prize  on  the  same  subject  for  1757. 
The  importance  of  the  subject  demanded  more  detailed  investigation,  and 
more  exactness,  than  had  yet  been  given  to  it.  M.  Daniel  Bernoulli,  who 
had,  as  he  tells  us,  for  years  made  it  a  branch  of  his  inquiries,  engaged  in 
the  preparation  of  a  m^moire,  based  on  the  principles  of  hydrostatics  and 
mechanics.  He  seems,  however,  not  to  have  perceived  that  the  motions  of 
rolling  and  pitching  required  to  be  investigated  as  an  independent  subject ; 
for  he  introduced  the  immediate  inquiry,  by  an  examination  into  the  prin- 
cnples  of  statical  stability  in  ships,  deeming  that  the  motions  of  rolling  and 
pitching  depended  chiefly  on  this  property.  We  will  first  give  a  general 
sketch  of  his  reasoning  on  the  stability  of  ships  ;  and  as  this  eminent  author 
has  gone  further  in  his  investigations  than  any  one  had  gone  before^  it  will 
appear  how  far  this  part  of  science  was  now  developed. 

He  begins  the  subject  by  saying, — ^^  Every  body  floating  in  smooth 
water  will  take  a  certain  determinate  position;  it  is  only  spherical  bodies 
whose  centre  of  gravity  is  placed  at  the  centre  of  the  bodies,  which  are 
absolutely  indifferent  to  all  position.  The  least  force  may  make  these 
bodies  quit  their  first  position,  and  they  do  not  recover  it,  although  the 
tofrce  may  cease  to  act.  In  cylindrical  or  spheroidal  bodies,  whose  centre 
of  gravity  must  be  placed  in  the  axis,  there  would  be  only  this  one  axis, 
which  wocdd  always  take  a  certain  determinate  position ;  but  nothing  would 
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determine  their  position  about  their  axis.  All  other  floating  bodies  take  a 
certain  position  determined  in  every  way.  It  is  true  that  the  least  force 
makes  them  quit  this  position ;  but^  the  force  ceasing  to  act>  the  bodies 
always  return  to  their  position  of  equihbrium.  It  is  this  effort  to  return 
to  its  position  of  equilibrium  which  constitutes  the  stability  of  floating 
bodies^  and  which  may  be  compared  with  that  of  a  rounded  body  laid  upon 
a  horizontal  plain,  in  a  state  of  equilibrium  in  proportion  as  the  centre  of 
gravity  is  below  the  centre  of  the  curve  which  is  in  contact  with  the  plain.'' 
Assuming,  then,  as  known  data,  the  points  in  which  the  centre  of  gravity 
of  the  whole  body  or  system  of  the  ship,  and  the  centre  of  gravity  of  the 
immersed  part  are  situated,  he  states  the  obvious  fact,  that  the  two  centres 
of  gravity  must  be  in  the  same  vertical  line  whilst  the  ship  floats  in  equi- 
librium. '^  But  suppose  the  body  held  in  another  position,  by  forces  purely 
horizontal,  we  must  then  draw  perpendiculars  through  the  two  said  centres 
of  gravity,  and  the  distance  between  these  perpendiculars  will  denote  the 
lever  at  the  extremity  of  which  the  weight  of  the  body  acts,  and  endeavours 
to  restore  the  body  to  its  natural  position.  If,  then,  we  call  the  weight  of 
the  body  P,  and  the  distance  between  the  two  said  perpendiculars  r,  the 
product  Pr  will  show  the  momentum  of  the  force  which  tends  to  restore 
the  floating  body  to  its  natural  position,  and  which  will  produce  its  effect 
as  soon  as  the  foreign  horizontal  force  ceases  to  act.  Thus  our  question  is 
found  to  be  reduced  to  that  of  determining  the  quantity  r  for  each  position 
of  the  body,  whose  immersed  voliune  is  supposed  to  be  constantly  the  same. 
I  shall,  however,  remark  here,  that  this  supposition  is  no  longer  true  so 
soon  as  the  body  is  left  to  itself,  as  it  begins  to  roll,  and  as  this  body  will 
draw  alternately  more  and  less  water.''  * 

If  any  common  transverse  section  of  a  ship  (fig.  1);  equally  thick,  be  taken, 

K<«    1  ^«  whose  line  of  flotation  in  a  state  of 

^^^^''     V  equilibrium  is  a  e,  this  line  is  necessarily 

^^,-^^  >v         horizontal;  then,  under  any  lateral  in- 

^y"  \      clination  of  the  ship,  that  line  a  e  will 

,-''"  I     form  with  the  inclined  water-line  b  d. 

Jd    a  certain  angle  of  inclination,  with  which 

/       bcdvA  the  immersed  volume  of  the  ship ; 
y^  the    position   of   the    ship  being  thus 
\        "^         ^-.--^^                oblique,  suppose  her  to  be  further  in- 
clined  at  an  evanescent  angle  at  which 

*  ''  Principes  hjdrostatiques  et  m^caniques^  ou  M6moire  sur  la  mani^re  de^diminuer  le 
Toulis  et  le  tangage  d*un  navire,  sans  qu*il  perde  senBiblemeiit  par  cette  diminution, 
aucuue  dcs  bounes  quality  que  sa  coustruction  doit  lui  douncr.  Par  Daniel  Bernoulli  :'* 
Sec.  iii. 
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the  water-line  becomes  m  n^  cutting  the  line  b  d  in  the  point  x,  and 
fonning  an  angle  which  maj  be  represented  by  tr,  and  measured  by 
''an  arc  of  a  circle  whose  radius  is  unity.  The  question  is  to  find  an 
equation  between  the  differential  d  <r  and  the  increment  of  the  corre- 
sponding force/'  As  the  immersed  volume  is  a  constant  quantity,  the 
elementary  triangular  volume  that  emerges  by  the  inclination  is  equal  to 
tiiat  which  thereby  becomes  immersed;  and  at  evanescent  angles  the  in- 
clined water-line  cuts  the  natural  water-line  in  a  point  at  which  it  divides 
it  into  two  equal  parts :  that  is^  bxz^dx;  and  ^'  the  small  angle  bxm,  or 
dwfiy  is  that  which  is  expressed  hj  d<r.  Let  the  centre  of  gravity  of  the 
section  ace  be  at  the  point  8,  the  centres  of  gravity  of  the  immersed 
homogeneous  part  for  the  water-lines  b  d  and  m  n  at  the  points /and  g.  li, 
after  that^  we  draw  firom  the  points  s  and  /the  lines  sr  and/o  perpen- 
dicular to  the  water-line  b  d,  the  intermediate  line  ro  will  be  the  length  of 
the  lever  upon  which  the  weight  of  the  section  endeavours  to  restore  this 
section  to  its  natural  position  in  relation  to  the  water-line  bd;  and  if^  in 
the  same  way^  we  draw  from  the  points  s  and  g,  the  lines  s  t  and  g  y,  per- 
pendicular to  the  water-line  m  n,  the  intermediate  line  ty  will^  in  the  same 
way,  be  the  lever  'relatively  to  the  water-line  m  n ;  thus  the  difference 
between  ty  and  ro  will  show  the  increment  of  the  lever,  whilst  the  weight 
applied  to  these  levers  remains  constantly  the  same.  The  question  then  is, 
to  determine  the  differential  /  y — r  o/'  The  investigation  is  pursued  at  con- 
siderable length ;  but,  having  indicated  the  principle,  we  do  not  deem  this 
the  right  place  to  follow  the  line  of  reasoning  in  its  development. 

The  form  of  vessel  to  which  the  preceding  observations  apply,  is  such, 
that  at  large  angles  of  inclination  the  inclined  water-line  would  cut  the 
natural  water-line  at  some  distance  from  the  middle  point.  But  such  form 
not  being  the  best  suited  to  stability,  and  to  the  other  good  qualities  which 
were  especially  the  object  of  inquiry  in  that  M^moire,  another  case  was 
A  Fig.  2,  f  considered,  in  which  the  sides  of  the  vessel 

"  ^——j-jTjr^.,.^,,-^--.--. ly  were  vertical  (fig.  2)':  it  had  been  previously 

"*  shown  that  the  form  of  the  transverse  sec- 
tion, below  the  points  which  may  nse  to  the 

'r  surface  of  the  water  by  the  inclination  of  the 

ship,  does  not  affect  the  stability.  Considering,  therefore,  a  vessel  whose 
sides  are  vertical,  as  A  B  and  D  C,  between  the  points  which  limit  the 
immersion  and  emersion  under  inclination,  as  shown  by  the  line  g  A, 
M.  Bernoulli  says,  ''the  stability  is  here  no  longer  proportional  to  the 
sine  of  the  angle  of  inclination,  as  when  the  sides  are  circular  arcs  of  the 
same  circle ;  it  increases  in  a  greater  ratio  than  the  said  sine.    The  more 
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the  body  is  inclined  here^  the  more  it  resists  farther  inclination;  the 
additions  of  power  to  produce  continually  a  new  degree  of  inclination, 
increase  here  in  a  much  greater  ratio  than  in  the  preceding  hypothesis/' 
He  says  further,  that  "  the  stability  of  all  floating  bodies  depends  solely 
upon  two  things :  the  first  is  the  horizontal  section  of  the  body  at  the 
level  of  the  water,  and  the  second  is  the  height  of  the  centre  of  gravity  of 
the  body  above  the  centre  of  gravity  of  the  immersed  part^  considered  as 
homogeneous,  which  height  ought  to  be  multiplied  by  the  whole  weight  of 
the  water  displaced/' 

Bernoulli  proceeded  then  to  investigate  the  nature  of  the  oscillations  of 
floating  bodies, — an  extremely  difficult  subject,  on  which  he  developed  his 
great  genius  in  the  admirable  and  philosophical  manner  in  which  he 
treated  it.  If  he  failed  of  solving  its  difficulties,  it  appears  much  more 
just  to  attribute  the  failure  to  the  imperfect  state  of  science  at  that  time, 
than  to  any  defect  in  his  own  powers  of  investigation. 

The  lateral  oscillations  of  a  ship  are  regarded  as  being  of  two  dasses. 
The  first  are  those  which  a  ship  makes  in  a  state  of  entire  freedom,  after 
having  been  put  in  motion  by  a  single  impulse :  these  he  calls  natural 
oscillations.  The  oscillations  of  the  second  class  are  those  which  are  pro- 
duced by  consecutive  isochronal  impulses,  and  which  are  therefore  them- 
selves isochronal.  This  conclusion  is  arrived  at  thus :  "  In  the  fijrst  place, 
I  hold  a«  a  principle  that  in  every  system  of  bodies  which  act  one  upon 
another,  if  these  bodies  make  reciprocal,  regular  and  permanent  movements, 
they  will  always  make  harmonious  and  synchronous  oscillations^  which  will 
begin  and  end  at  the  same  instants.''  Tins  principle  is  applied  to  a  ship 
and  to  the  waves  which  produce  upon  it  successive  impulses  at  regular 
intervals, — ^with  the  observation,  that  as  the  ship  can  have  no  influence  upon 
the  oscillations  of  the  waves,  these  will  prevail  over  the  ship,  and  make  its 
oscillations  agree  with  those  of  the  agitated  waters,  so  that  the  time  of  each 
oscillation  may  be  equal  to  that  of  each  moving  impulse.  K  the  principle 
is  correct  (and  Bernoulli  says  "it  is  a  truth  which  I  have  observed  with 
complete  evidence  every  time  I  have  happened  to  examine  similar  reciprocal 
compound  movements"),  then  the  conclusion  seems  inevitable.  At  the 
same  time,  he  justly  says,  "  the  rollings  depend  partly  on  the  force  of  each  im- 
pulse, and  partly  on  the  interval  of  time  between  two  consecutive  impulses. 

In  order  to  illustrate  the  oscillations  of  a  ship,  he  took  up  the  idea  to 
which  the  illustrious  Newton  had  had  recourse  for  measuring  the  time  of 
transfer  and  amplitude  of  waves ; — ^that  they  will  be  conformable  to  those 
of  a  simple  pendulum.  The  pendulum  supposed  by  Bernoulli  in  these 
investigations  was  nearly  thirteen  feet  long,  and  subjected  to  a  force  con- 
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noting  of  its  own  weighty  and  an  external  force  similar  in  its  effects  to  the 
impuIdTe  force  of  the  wind^  and  causing  it  to  make  one  stroke  in  each 
second  of  time;  and  the  conclusion  to  which  the  investigation  led^  is 
expressed  in  the  subjoined  concise  formula.  For^  he  says,  let  the  greatest 
intensity*  of  external  force  be  equal  to  the  weight  of  the  pendulum, 
making  an  angle  S ;  and  let  the  time  of  the  natural  oscillation  of  the 
pendulum  be  / ;  and  let  this  pendulum  be  obliged  by  the  external  force^  to 
make  each  vibration  in  —;   then  the  pendulum  will  vibrate  through   the 

He  next  shows  how  the  pendulum  here  referred  to  may  be  applied  to 
measure  the  rolling  of  ships :  supposing  f  to  be  the  maximum  force  which 
acts  upon  a  ship,  and  that  it  is  constant  throughout  the  vibration,  and  s 
the  angle  to  which  the  ship  would  be  inclined.  The  increase  of  stability  is 
recommended  as  the  surest  way  to  diminish  the  rolling  of  a  ship ;  and  the 
angle  of  incUnation  being  expressed  by  s,  we  see  clearly,  he  says,  that  this 
angle,  «,  will  be  the  smaller  as  the  stability  of  the  ship  is  great ;  and  that 
for  small  angles,  one  is  reciprocally  proportional  to  the  other.  Taking  v 
as  the  expression  of  the  intensity  of  the  stability,  we  have  if  s  to  represent 
the  stability  at  the  angle  s ;  and,  therefore,  f  =  x  ^,  and  a  =-.  Substituting 
this  valu'e  in  -5^,  we  have  .  ,  ^,.   . 

n* — 1'  (n» — 1)t 

Let  /  =  the  time  of  the  natural  osciUation  of  the  ship ;  and  f  s=  the 
time  between  two  impulses;  then  we  have  t  =— •*•  ^  ~7i^  ^* — 1  =  p5 — ^ 

=  ^-^.     By  substitution  again  we  have    a_^^.  ^  =  mzi^tyi*  \ 

The  object  of  the  next  part  of  the  inquiry  is  the  variety  of  effects  pro- 
duced as  the  quantities  t  and  {  yktj  in  relation  to  each  other.  The  above 
formula  expresses  three  quantities  affecting  a  ship's  oscillations ; — ^the  force 
which  agitates  the  ship,  her  stability,  and  the  relation  there  is  between  the 
times  t  and  if.  It  shows  that  as  x  is  great,  the  extent  of  rolling  will  be 
small.  "  It  is  true,'*  he  says,  "  the  time  t  most  frequently  depends  on  the 
stability ;  since,  if  the  stability  is  greater,  the  natural  oscillations  of  the  ship 
should  be  thereby  accelerated.  It  may  be  said  that,  all  the  rest  being  equal, 
the  time  t  is  almost  reciprocally  proportional  to  the  square  root  of  the 
stability;  but  t  may  be  changed  without  altering  the  stability.  The  fol- 
lowing observations  are  made  on  this  subject.  If  Z'  is  greater  than  /  it  is 
clear,  that  the  quantity  ^^^.  ^  becomes  smaller  as  the  intensity  of  the 
stability  is  greater,  since  we  may  suppose  the  quantity  ^x  is  almost  con- 
stant :  it  is  indifferent  whether  the  value  of  the  denominator  is  positive  or 
negative  for  the  amplitude  of  the  excursion ;  the  difference  simply  shows 
whether  the  forces  ^  and  x  act  on  the  same  side  or  on  the  opposite  sides ; 
but  if  /*  is  smaller  than  t  we  shall,  on  the  contrary,  increase  the  rolling  by 
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increasmg  the  stability^  because  the  denominator  becomes  smaller^  supposing 
the  quantity  ^  to  be  always  constant.  It  will  perhaps  produce  surprise  to 
hear  that  there  may  be  cases  in  which  an  increase  in  the  stability  causes  an 
increase  in  rolling.  To  that  I  reply^  that  stability  certainly  always  diminishes 
the  inclination  caused  by  a  uniform  and  permanent  force ;  but  that  the  ampli- 
tude of  rolling  caused  by  impulses  of  force  does  not  always  determine  the 
said  inclination.  If  i  were  infinitely  greater  than  ty  the  extent  of  the 
rollings  would  be  expressed  by  ^^  and  the  rolling  would  be  diminished  in 
proportion  as  the  stability  was  increased.  If,  on  the  contrary,  t  were 
infinitely  smaller  than  t^  the  same  extent  of  rolling  would  be  expressed  by 
^~,  and  the  stability  would  hardly  alter  the  extent  of  the  rolling ;  besides, 
the  oscillations  would  in  this  case  be  very  small  of  themselves,  because  of 
the  supposed  smallness  of  ^J*  Such  is  the  theory  of  a  ship's  rolling, 
constructed  by  that  eminent  mathematician ;  and  he  concluded  that  part 
of  the  subject  by  stating,  that  the  only  case  to  be  feared  is  that  in  which 
the  times  t  and  f  are  almost  equal.  It  does,  however,  not  appear  how 
Bernoulli  thought  the  principles  he  laid  down  should  be  applied  in  the 
construction  of  ships. 

The  m^moire  is  concluded  by  an  investigation  of  the  stability  of  a  floating 
body  on  a  surface  of  water,  inclined  at  a  ^ven  angle  to  the  horizon ;  but 
the  reasoning  pursued  here  is  not  different  from  that  which  he  employed 
on  the  stability  of  a  ship  when  the  surface  of  the  water  is  horizontal. 

Very  soon  after  Don  George  Juan  wrote  his  great  work  in  Spain^ 
Leonard  Euler  produced  a  work  on  the  same  subject  in  Petersbui^h,  under 
the  title  of  "  Th^orie  Compleite  de  la  Construction  et  dela  Manceuvre  des 
Vaisseatut"  He  enters  at  once,  and  systematically,  upon  a  consideration 
of  the  scientific  principles  involved  in  the  question  of  construction.  The 
subjects  are  so  investigated  as  to  vindicate  the  title  which  was  used;  for 
they  are  characterized  by  a  completeness  of  reasoning,  based  on  geometrical 
principles,  with  a  clearness  which  shows  how  satisfactorily  mathematical 
investigation  may  result,  when  the  subjects  under  inquiry  are  suffi- 
ciently definite,  and  the  principles  of  mathematics  can  be  fidrly  applied 
to  them. 

The  first  important  question  discussed  is  that  of  stability.  This  is  inves- 
tigated with  great  care,  in  a  lengthened  and  lucid  statement  of  principles, 
and  in  reasoning  based  upon  them ;  it  considers  the  form  of  the  body,  and 
the  position  of  its  centre  of  gravity ;  and,  in  concluding  this  subject,  this 
eminent  author  says, — "  With  regard  to  all  that  we  have  yet  said,  we 
observe,  that  besides  increasing  the  section  of  the  water,  the  most  effectual 
means  to  augment  the  stability  is  to  carry  the  centre  of  gravity  as  low  as 
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it  is  possible^  or  that  circumstances  will  admit."^  "  It  is  obviously  true^ 
that,  all  other  things  being  the  same,  the  depression  of  the  centre  of 
gravity  to  the  lowest  possible  point,  would  determine  the  stability  of  the 
ship  at  its  extreme  limit ;  but  experience  proves  that  this  extreme  limit 
must  not  be  sought,  because  the  intensity  of  this  force  would  then  make 
the  ship  uneasy  in  her  motions,  and  the  strain  upon  both  the  ship  and  her 
spars  would  be  excessive.  Ships  are  found  to  be  the  easiest  when  the 
centre  of  gravity  is  in,  or  very  near  to,  the  plane  of  the  water-line ;  whilst, 
other  things  being  properly  determined,  the  stability  is  then  sufficient. 

The  motions  of  rolling  and  pitching  are  considered  briefly;  as  it  appears, 
because  the  subject  was  one  to  which  theory  could  lend  but  partial  aid. 
The  oscillations  which  may  be  made  both  in  rolling  and  pitching  in  a  smooth 
sea,  are  compared  with  those  of  a  synchronous  pendulum ;  yet  it  is  seen 
that  those  which  it  is  most  important  to  understand  could  not  be  success- 
fully investigated  by  such  a  comparison ;  and,  after  investigating  the  prin- 
ciples of  rolling  and  pitching  in  a  smooth  sea,  we  find  these  remarks : — 
''  When  the  sea  is  much  agitated,  we  easily  conceive  that  both  the  rolling 
and  the  pitching  must  suffer  very  considerable  alterations  from  it,  seeing 
that  the  alternate  rising  and  fedling  of  the  waves  themselves  are  capable  of 
producing  a  vibration  in  the  vessel,  althot^h  it  had  not  received  an  inclina- 
tion from  any  other  force ;  but,  in  order  to  determine  the  motions  with 
which  the  vessel  would  then  be  impressed,  theory  leaves  us  entirely  in  the 
dark,  seeing  that,  on  one  side  we  are  still  absolutely  ignorant  of  the  laws  by 
which  water  agitated  acts  upon  bodies  which  float  therein,  and,  on  the 
other  hand,  the  expression  before  found  for  the  stability  could  no  longer 
have  place,  for  the  same  reason ;  and,  therefore  also,  the  length  of  the  iso- 
chronal   pendulum,    which    we    have  just    assigned,    becomes    entirely 

fiil8e."t 

Euler  had  previously  written  on  the  stability  of  ships,  and  his  essay 

gained  the  prize  of  the  Academy  of  Sciences  in  1759.     The  drift  of  his 

investigation  in  that  production  was,  the  strength  a  ship  should  have  in 

order  to  bear  the  strains  caused  by  rolling  and  pitching. 

He  commences  the  subject  by  considering  all  the  parts  of  a  ship  as 

having  to  sustain  the  action  of  a  centrifugal  force  in  its  oscillations ;  and 

then  the  simple  force  with  which  two  bodies  must  be  held  together,  subject 

to  one  acting  power,  applied,  too,  in  the  simplest  manner,  the  force  required 

to  prevent  separation  being  merely  sufficient  to  bear  the  tension.    The 

reasoning  is  then  extended,  and  applied  to  parts  combined  together  in  a 


Bnglish  TraiiBlatioxi,  Book  L,  Chap,  ix.,  Sec.  72.         t  Ibid,  Book  i.^  Chap,  x.^  Sec.  78. 
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system,  as  in  a  ehip ;  and  the  consideration  of  direct  and  simple  actions 
leads  to  that  of  such  as  are  complex  and  contrary  in  their  tendency. 

The  forces  exerted  on  the  different  parts  of  the  firame^  as  they  are  vari- 
ously placed  in  relation  both  to  the  centre  of  gravity  and  to  the  impulse 
which  produces  the  strain^  had  to  be  determined  by  the  principles  of 
mechanics  and  by  the  integral  calculus ;  the  results  of  such  investigations 
are  definitely  stated,  and  concise  formulae  are  given.  Nevertheless  he  says, 
^'  The  researches  in  question  are  not,  firom  their  nature,  susceptible  of  a 
very  high  degree  of  precision.*^  * 

The  common  forces  of  impube  and  resistance  are  investigated,  as  to  the 
efforts  they  exert  upon  the  frame,  under  the  two  conditions  of  sailing — 
directly  and  obUquely — ^the  sea  being  smooth.  The  forces  are  considered 
as  unequal,  and  as  equal  and  uniform;  and  their  effects  are  investigated  as 
to  the  direction  of  the  strain,  and  the  actual  power  exerted  to  destroy  the 
combinations  of  the  parts  of  the  frame;  and  the  effect  produced  on  the 
frame  by  a  sudden  resistance,  as  that  of  a  rock,  is  examined.  The  ele- 
mentary considerations  of  this  case  are  thus  stated :  "  The  force  wliich  the 
ship  experiences  by  the  concussion  depends,  first,  on  the  mass  of  the  ship, 
then  on  her  velocity,  and,  thirdly,  on  the  hardness  as  well  of  the  ship  as  of 
the  rock  at  the  place  where  the  shock  is  made. 

"  If  the  two  bodies  which  strike  one  another  were  perfectly  (or,  what 
amounts  to  the  same,  infinitely)  hard,  so  that  they  were  not  at  all  suscep- 
tible of  the  least  indentation,  their  motion  must  in  an  instant  undei^ 
a  finite  change,  the  production  of  which  requires  a  force  infinitely  great. 

*^  In  this  case,  then,  the  force  would  be  infinite,  and  all  the  combinations 
by  which  the  ribs  of  the  ship  are  fastened  together^  however  strong  they 
may  be,  must  break  suddenly ;  but  the  ship  being  reduced  by  this  shock, 
to  a  state  of  rest,  in  an  instant,  these  infinitely  violent  shakes  can  last  only 
a  moment.'^  t 

The  course  of  reasoning  pursued  with  reference  to  these  premises,  to  indi- 
cate the  effect  of  concussion  with  any  assignable  force,  needs  not  be  traced. 

The  next  subject  of  inquiry  is  the  effect  of  an  impulse  coming  suddenly 
on  a  ship,  tending  to  give  her  an  onward  movement.  As,  however,  this 
kind  of  action  is  not  that  by  which  the  strength  of  the  frame  should  be 
determined,  the  way  in  which  the  strain  acts  upon  it,  and  the  amount  of 
force  so  exerted,  are  but  briefly  investigated. 

The  inquiry  into  the  character  and  effects  of  a  ship^s  rolling  is  conducted 
on  the  supposition  that  this  motion  is  caused  by  a  single  force,  and  not,  as 

*  ''  Becherchee  but  le  Boulis  et  le  Tangage  des  Yaiflseauz,"  Sec.  xiii.   t  Ibid,  Sec.  zxvL 


INTHODUCTION.  XXIY 

ia  actually  the  case  at  sea,  by  a  continued  succession  of  forces.  Hence  the 
second  and  following  lurches  which  a  ship  makes  in  rolling,  are  not^  as 
M.  Euler  considers,  simply  the  effects  of  the  first  impulse,  but  of  those 
which  follow.  He  says, — "  When  it  is  required  to  determine  the  efforts 
which  the  combination  of  the  frame-timbers  of  a  ship  experiences  by  the 
motion  of  rolling,  two  sorts  of  forces  must  be  distinguished ;  one  which 
impresses  such  a  motion  on  the  ship,  and  the  other  that  by  which  this 
motion  whilst  it  lasts  is  accompanied. 

"  Every  force  which  makes  the  ship  incline  on  one  side  about  her  longi- 
tudinal axis,  when  it  ceases  to  act,  impresses  on  her  a  reciprocal  motion,  or 
an  oscillation,  which  is  called  rolling.  This  motion  is  commonly  produced^ 
either  by  a  shock  against  the  sides  of  the  ship,  or  because  the  surface  of 
the  sea  is  higher  at  one  side  than  at  the  other.  In  each  case  the  ship 
most  incline  towards  one  side,  and^  knowing  the  force  which  must  produce 
thia  effect,  it  will  be  easy,  from  the  principles  which  I  have  just  established, 
to  determine  the  efforts  which  the  combination  sustains. 

''  If  it  is  only  the  shock  of  one  wave  which  the  ship  receives  on  her  side, 

the  surface  of  the  water  remaining  horizontal,  the 
effect  of  it  could  not  be  very  considerable  in  re- 
gard to  the  inclination.  For  if  the  shape  of  the 
frames  were  circular,  as  Fig.  3,  F  D  E,  and  the 
longitudinal  axis  passed  through  the  centre  G,  the 
^^  direction  of  any  shock  whatever  (in  P)  would  pass 

through  the  centre,  and  would  not  consequently  have  any  moment  to 
incline  the  ship. 

'<  The  same  thing  would  happen  if  the  shape  of  the  frame  were  a  polygon 
inscribed  in  this  circle ;  but  though  the  shape  of  the  frame  may  not  have 
this  prcqperty,  it  does  not  differ  from  it  so  enormously  that  a  great  inclina- 
tion may  result  from  it;  and  it  is  not  worth  the  trouble  to  draw  from 
hence  a  rule  for  the  construction  of  the  frames,  which  ought  to  be  regulated 
by  much  more  important  rules.'' 

If,  however,  the  surface  of  the  water  were  not  horizontal,  but  rose  higher 
at  <»ie  side  of  the  ship  than  at  the  other,  '^  the  ship,''  he  says,  ^'  could  no 
longer  be  in  equilibrium,  and  must  undergo  some  inclination,  its  weight 
being  no  longer  balanced  by  the  pressure  of  the  water. 

''  As  it  regards  the  mathematical  determination  of  the  pressure  which 
the  ship  experiences  in  this  state^  it  must  be  confessed  that  the  principles 
of  hydrostatics  are  not  yet  enough  developed  that  we  may  be  able  to 
determine  f  om  them  the  pressures  of  an  agitated  fluid,  or  one  whose  sur- 
face is  not  horizontal." 
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Without^  therefore,  making  the  pressure  of  the  sea  exerted  in  the  rolling 
of  waves  a  subject  of  inquiry,  he  says, — ''  It  is  not  so  much  the  forces 
themselves  which  are  the  most  dangerous,  as  their  moments  in  relation  to 
an  axis  of  rotation;  for,  however  great  a  force  may  be  (I  speak  here  only 
of  forces  which  are  found  in  common  agitations),  if  its  direction  passed 
through  the  centre  of  gravity  of  the  ship,  the  efforts  of  the  ribs  upon  the 
combinations  would  hardly  be  cause  of  fear ;  but  if  its  direction  passes  very 
far  from  the  centre  of  gravity,  the  force  acquires  thereby  a  great  momentum, 
and  will  be  likely  to  cause  a  bad  effect,  even  when  the  force  would  not  be 
very  great. 

'^  It  is  easily  understood,  that  although  we  could  not  determine  the 
pressure  of  an  agitated  sea,  or  one  whose  surface  is  not  horizontal,  its  direc- 
tion could  not  be  very  remote  from  the  axis  of  rotation,  nor  its  momentum 
very  great.  Consequently,  since  the  combination  ought  to  resist  much 
greater  moments,  there  is  nothing  to  fear  from  the  forces  of  which  I  am 
here  speaking/'  * 

The  supposition  with  regard  to  these  motions  is,  that  the  force  is  discon- 
tinued after  the  first  shock  has  given  an  impulse,  and  that  the  reaction  and 
the  continued  oscillation  result  from  this  one  impulse,  and  are  impeded,  and 
ultimately  destroyed,  by  the  resistance  of  the  water,  or  by  some  other 
cause ;  but  as  the  resistance  of  the  water  opposing  the  motions  of  rolling  is 
very  small,  owing  to  the  curved  form  of  a  ship's  bottom,  these  motions 
would  be  continued  a  long  time,  he  says,  if  there  were  no  other  opposing 
force.  All  this  supposes,  however,  that  the  ship  is  stationary,  and  there- 
fore is  not  under  the  balancing  power  of  sail. 

Such  being  the  conditions,  he  says,  ^'  The  ship  will  make  oscillations 
similar  to  those  of  a  pendulum,  provided  the  inclination  be  not  too  great, 
and  no  notice  be  taken  of  the  movement  of  the  centre  of  gravity  as  it  rises 
and  falls  alternately ;  for  this  movement,  being  very  small,  is  of  no  conse- 
quence in  the  present  inquiry. 

'^  These  oscillations  will  consequently  be  isochronal  to  those  of  a  simple 
pendulum,  whose  length  is  determined  by  the  following  very  plain  rule. 
Let  St  he  the  stability  of  the  ship  in  relation  to  the  longitudinal  axis,  and  M  h 
the  moment  of  inertia  in  relation  to  the  same  axis ;  then  this  expression 
-^  gives  the  length  of  the  simple  pendulum,  isochronal  to  the  oscillatory 
movement  of  the  ship,  whilst  it  lasts. 

^^  These  oscillations  will  then  be  the  more  lively  as  the  quantity  ^ 


*  "  Recherches  sur  le  RouUb  et  le  Tangage  des  Vaiaseaux,'*  Sees,  xzxii.^  xxziy.,  xxxt. 
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is  less,  and  if  we  wish  to  make  the  movement  slower,  we  have  only  to  pro- 
core  a  great  value  to  the  expression  -^  to  make  these  oscillations  isochronal 
to  those  of  a  very  long  pendulum.  To  this  end  we  must  try  to  increase  on 
one  side  the  moment  of  inertia,  as  much  as  it  is  possible,  and,  on  the  other 
side,  to  diminish  the  stability  S  t ;  but  this  last  remedy  is  directly  opposed 
to  the  other  good  qualities  which  a  ship  ought  to  have/^  *  The  diminution 
of  stabiUty  is,  therefore,  altogether  rejected  as  a  remedy,  as  it  would  leave 
the  ship  so  much  more  under  the  power  of  the  inclining  force,  and  the 
rolling  would  become  deeper  as  well  as  slower ;  and  as  the  strain  produced 
on  the  frame  in  rolling  is  greater  in  proportion  as  the  angle  of  inclination  is 
great,  the  effect  of  such  a  remedy  would  be  in  all  respects  disadvantageous. 
He  then  proposes  to  increase  the  moment  of  inertia  by  placing  the  weights 
as  far  as  possible  from  the  longitudinal  axis. 

The  importance  of  making  the  stability  of  ships  great,  on  other  considera- 
tions than  that  of  rolling,  required  this  quality  to  be  here  left  firee ;  and  the 
magnitude  of  the  moment  of  inertia  to  be  the  condition  of  regulating  the 
extent  of  these  motions ;  but,  inasmuch  as  the  object  of  this  treatise  was  to 
investigate  the  character  and  force  of  these  motions  in  relation  to  the  strain 
exerted  thereby  on  the  parts  of  the  frame,  and  on  their  combination,  the 
author  says, — ^'  As  it  is  not  in  our  power  to  moderate  the  impulses,  the 
question  is,  how  to  diminish  the  expression  ^  ^  ,  {m  being  the  mass  of 
any  part  whatever  of  the  frame,  G  M  the  distance  from  it  to  the  centre  of 
gravity,  and  M  k^  the  moment  of  inertia) ;  besides  the  increase  of  the  motion 
by  means  of  inertia,  we  can  still  draw,  therefore,  these  rules :  1st.  j!Vb/  to 
remove  the  parts  of  a  ship  too  far  from  the  longittidinal  axis.  2nd.  To  make 
the  most  distant  parts  as  light  as  possible. 

"  It  is  very  true  that  by  such  an  arrangement  we  should  also  diminish 
the  moment  of  inertia ;  but  if  we  are  considering  one  of  the  most  remote 
parts,  we  see  plainly  that  the  diminution  of  its  mass  lessens  the  value  of 
*V  ^,  notwithstanding  the  denominator  Ml^  suffers  from  it  also  some 

diminution.^'  t 

The  consideration  of  the  ship's  rolling  under  sail,  includes  the  supposition 
of  only  one  impulse  from  the  sea  tending  to  give  this  motion,  the  wind 
acting,  however,  on  the  sails,  determining  the  character  of  the  movements, 
in  passing  from  and  returning  to  the  state  of  equilibrium. 

The  motions  of  pitching  are  investigated  in  the  same  way  as  the  motion 
of  rolling,  and,  on  the  same  hypothesis,  of  one  impulse  producing  the  effect. 

*  "  Recherches  sur  le  Roulis  et  le  Tangage  des  Vaisseaux/'  Sees.  xzxviL,  xxxviii. 
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But  a  previotLs  writer,  M.  Chauchot^  had  arrived  at  some  conclusiona 
with  regard  to  the  pitching  of  ships ;  and^  in  noticing  them,  Euler,  it  seema, 
was  led  into  an  additional  argument  on  the  subject.  The  following  passage 
states  the  question  at  the  basis  of  this  argument. 

'^  The  moment  of  inertia  Mk^  being  much  greater  in  the  case  of  pitching 
than  in  that  of  rolling,  we  might  conclude  from  our  formula  that  pitching 
would  not  be  so  dangerous  as  rolling;  but,  although  the  shocks  which 
cause  the  pitching  are  often  heavier  than  those  which  produce  the  rollingj 
by  which  the  numerator  is  also  increased,  this  force  alone  would  never  be 
greatly  to  be  feared,  and  we  must  seek  elsewhere  the  cause  of  the  iU  effects 
to  which  ships  are  sometimes  exposed  by  pitching. 

''  M.  Chauchot  believes  that  he  has  foimd  this  cause  in  the  inequality  of 
the  two  extremities  of  a  ship,  and  when  the  bottoms  are  too  fine  in  relation 
to  the  load- water  Une,  because  in  this  case  all  the  support  of  the  ship  being 
at  the  line  of  flotation,  however  little  the  waves  may  escape  either  at  the 
head  or  the  stem,  the  ship  must  pitch  in  a  prodigious  manner.  * 

^^  There  is  no  doubt  that  this  relation  is  very  well  founded;  but  we  must 
bring  it  back  to  the  first  principles  which  contain  the  immediate  cause  of 
the  effiects  in  question.^' 

'^  M.  Chauchot  had  here  in  view  principally  the  immersed  bodies  which 
narrow  suddenly  below  the  water-line,  as  well  forward  as  abaft ;  for  then, 
as  soon  as  the  ship  inclines,  the  section  made  at  the  water-line  becomes 
suddenly  very  narrow  towards  this  side ;  whence,  its  area  being  much  less 
in  the  inclination,  the  stability  will  be  thereby  diminished;  consequently 
the  same  force  will  be  able  to  produce  a  greater  inclination,  which  will  con- 
tribute much  to  the  increase  of  the  pitching. 

"  To  remedy  this  defect  we  have  only  to  give  to  the  immersed  body  such 
a  form,  that  when  the  ship  inclines  either  towards  the  head  or  the  stem, 
her  section  made  then  at  the  water-line  may  not  be  much  less  than  that 
which  it  has  in  a  state  of  equilibrium ;  for  it  is  known  that  stability  depends 
much  on  the  area  of  the  section  made  at  the  line  of  flotation.f '' 

This  subject  bears  on  the  form  above  the  load-water  line  as  weU  as  below 
it,  and  requires  that  there  should  be  an  exact  correspondence  between  the 
fore  and  after  bodies,  so  that  when  the  ship  is  inclined  by  the  head,  the 
increase  in  the  area  of  the  section  at  the  line  of  flotation  of  the  fore  body 
diould  be  as  much  as  the  diminution  in  the  corresponding  section  of  the 


*  The  momentfi  of  buoyancy  in  the  fore  and  after  bodies  must  be  made  equal,  in  order 
to  easy  and  equal  motions  in  pitching  and  'scending. 
t  "  Recherches  sur  le  Roulis  et  le  Tangage  des  Yaiiseauz,"  Sec.  L 
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afterbody;  and,  also,  that  the  same  condition  should  hold  in  the  inclina- 
tion by  the  stem. 

This,  however,  is  not  all ;  for  Euler  says,  the  sections,  when  the  ship  is 
at  her  greatest  inclinations,  should  be  even  greater  than  the  load-water 
section  when  she  is  at  rest,  ''  since  it  is  not  so  much  their  area  which  enters 
into  the  determination  of  stability,  as  the  moment  of  inertia,  which  would 
be  proper  to  them,  if  we  conceived  of  their  thickness  as  infinitely  small ; 
this  moment  of  inertia  requiring  to  be  taken  in  relation  to  the  transverse 
axis  drawn  through  their  centre  of  gravity. 

"  By  this  means,''  he  says,  '^  we  obtain  the  advantage  that  the  stability 
of  the  ship  increases  with  the  inclination,  which  ought  to  tliminiah  the 
inclinations  produced  by  the  same  force.''  * 

The  form  which  would  give  the  advantage  in  respect  of  longitudinal 
stability  would,  he  says,  also  supply  a  greater  lateral  stability  in  oblique 
sailing,  and  so  enable  ships  to  carry  more  canvass  in  sailing  close  hauled  : 
''  It  is  very  important  to  give  to  ships  such  a  form  that  the  resistance  which 
the  sides  experience  in  oblique  courses  should  also  produce  a  momentum 
which  tends  to  diminish  the  inclination." 

In  investigating  the  characters  and  effects  of  the  two  motions  of  rolling 
and  pitching,  there  is  this  important  distinction  always  observed, — ^that 
the  resistance  of  the  water  being  small  in  rolling,  is  always  disregarded  in 
the  calculations,  whilst  the  very  considerable  amount  of  that  force  in  oppos- 
ing the  motion  of  pitching,  required  that  its  moment  should  be  always 
referred  to  in  determining  the  conditions  of  moderate  and  easy  motion^  and 
be  included  in  the  formulae. 

We  return  to  our  author's  work  on  the  theory  of  construction,  and  find 
a  course  of  lucid  and  elegant  reasoning  on  the  resistance  of  fluids.  As  to 
practical  utility,  the  theory  which  is  here  so  beautifully  expanded  might 
remain  unnoticed,  because  the  basis  on  which  it  was  constructed  has  been 
proved  by  experiments  to  be  erroneous :  first,  in  1775,  in  the  series  of 
experiments  made  in  France,  by  M.  D'Alembert,  the  Marquis  de  Con* 
dorcet,  and  M.  L'Abb^  Bossut,  to  investigate  the  elements  of  theories 
already  formed,  or  to  establish  data  on  which  accurate  calculations  might 
be  made ;  and  afterwards  in  this  country  by  Colonel  Beaufoy. 

This  theory  recognises,  at  first,  the  principle  that  water  contained  in  a 
vessel,  at  a  given  height,  will  run  out  through  a  h<de  in  the  bottom,  with 
the  same  velocity  that  a  body  falling  firom  the  same  height  would  acquire. 
From  this  principle,  the  force  with  which  water  falls  on  a  plane  surface  is 

*  "  Becherches  sor  le  Roulis  et  le  Tangage  des  Yaiseeaux,*'  Sees,  liii.,  liv. 
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detenuined.  Bat  in  this  elementary  consideration  the  water,  and  not  the 
body^  is  in  motion^  contrary  to  that  which  takes  place  with  ships  under 
sail.  Neyertheless,  it  is  evident  that  the  resistance  must  be  the  same, 
whether  the  water  or  the  body  be  in  motion,  the  velocity  being  alike  in 
both  cases,  since  the  action  and  reaction  are  equal. 

But  it  is  not  to  a  column  of  water  falling  upon  a  plane  surface,  nor  to 
a  body  passing  through  the  water,  and  meeting  the  resistance  at  right 
angles  to  its  plane  surface,  that  the  reasoning  has  to  be  applied  ultimately 
and  for  practical  purposes ;  for  in  all  ships  and  ve^els  the  water  meets  the 
opposing  surface  at  an  obliquity,  and  presents  a  resistance  varying  in  some 
inverse  ratio  with  the  acuteness  of  the  opposing  surface  of  the  body  to  the 
line  of  motion.    Euler   proceeds  on  the  hypothesis  that  the  resistance 
directly  contrary  to  the  motion,  is  equal  to  the  direct  pressure  multiplied 
into  the  sine  of  the  angle  of  incidence.   Now,  as  the  direct  resistance  depends 
on  the  velocity,  this  is  always  assumed  to  be  that  which  has  been  already 
mentioned  as  being  determined  on  the  principle  of  falling  bodies.     A  defi- 
nite height  is  assigned  in  order  to  realize  this  velocity ;  for  Euler  says, 
^^  We  know,  both  from  theory  and  experience,  that  the  water  contained  in 
a  vessel  whose  height  is  =A,  will  run  out  through  a  hole  in  the  bottom  with 
the  same  velocity  that  a  body  fialling  from  the  same  height  h  would  acquire. 
And  if  the  letter  g  denotes  the  height  through  which  a  body  £el11s  in  one 
second,  we  also  know  the  velocity  will  be  such,  that  it  would  run  through 
a  distance  =:2</^  A  in  the  same  time.      Since,  therefore,  this  velocity  is 
supposed  =  c,  or  2  *Jg  A  =c,  by  taking  the  square  ^gh^(^\  whence  we  have 
the  height  sought,  h  =  —  \  consequently,  the  force  of  the  resistance  which 
a  supposed  plane  surface  =/*  will  experience  by  moving  in  water  with  the 
velocity  c,  will  be  =  ^-~- ;  and  by  this  force  the  surface  will  be  acted  upon  in ' 
a  direction  contrary  to  its  motion.     Hence,  we  see  that  this  resistance  is 
always  proportional  to  the  square  of  the  velocity,  and  also  proportional  to 
the  area  of  the  surface  itself,  so  that  by  this  means  the  resistance  is  per- 
fectly determined.'^  * 

The  direction  of  impulse  now  under  consideration  being  oblique,  the 
condition  of  that  force  is  to  be  regarded  somewhat  differently.  The  amount 
of  force  meeting  a  plane  surface  obhquely  being  resolvable  into  two  other 
forces,  only  one  of  which  offers  a  direct  resistance,  it  is  this  to  which  the 
reasoning  is  applied.  Let  the  angle  of  incidence  be  =  ^ ;  then,  according 
to  this  theory,  the  direct  resistance  will  be  equal  to  the  sine  of  this  angle, 
the  whole  force  being  equal  to  radius.    Also  let  P  represent  the  pressure 


*  "  Theorie  Complette  de  la  Construction  des  Vaiaeeaux," — English  Translation, 

Book  ii.,  Chap,  i.,  Sec.  iv. 
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falling  on  the  snrface ;  then  the  resistance  directly  contrary  to  the  motion 
will  be  =  P.  sin.  ^.  But  as  the  pressure  is  great  or  small  according  to  the 
velocity,  and  if,  as  before,  we  represent  this  velocity  by  c,  we  shall  have,  by 
sabstitnting  c.  sin.  ^  for  the  velocity  giving  the  whole  resistance,  i'^hg 
=c.  sin.  f ;  whence  4  A  g^C^,  sin.  *  ^ ;  and  '*  h  (still  representing  the  height 
from  which  the  velocity  wonld  be  realized)  =  ''°'  ^;  and  this,  multiplied 
by  the  area  of  the  surface  /«,  will  give  the  force  of  the  whole  resistance 
called  P'"  therefore  the  resistance  in  a  direction  contrary  to  the  motion, 
in&b^P.^m.^^'^J^:^:^. 

''Thus,  by  reasonings  both  simple  and  conclusive,  we  have  obtained 
expressions  which  show  us  in  all  cases  where  a  plane  surfiice  /*  is  moved 
in  water  with  a  velodty  =:c,  and  with  an  obliquity  ^,  both  the  total  resistance 
■  '*"*  ^,  as  well  as  that  in  a  direction  contrary  to  the  motion  '""'  " 
From  the  first  we  see  that  the  total  resistance  is  in  a  ratio  composed  firsts 
of  the  area/*  of  the  surface  itself;  secondly,  of  the  square  of  the  velocity 
c< ;  and  thirdly,  of  the  square  of  the  sine  of  obliquity,  or  of  the  angle  ^. 
But  the  resistance  in  a  direction  contrary  to  the  motion  is  in  a  ratio  com- 
posed first,  of  the  area/* ;  and  secondly,  of  the  square  of  the  velocity  <:• ;  but 
thirdly,  of  the  cube  of  the  sine  of  the  obliquity.  It  is  upon  these  two  prin- 
ciples, known  long  ago  to  mathematicians,  that  we  have  founded  all  the 
theory  of  resistance  which  solid  bodies,  moving  in  any  fluid  whatever,  have 
to  overcome.'^  * 

In  order  now  to  show  a  relation  between  the  direct  and  the  oblique 
resistances,  we  take  up  the  supposition,  first,  of  a  plane  surface  /^  moving 
directly  through  the  water  with  a  velocity  =c  j  secondly,  of  a  plane  surface, 
of  equal  breadth,  moving  through  the  water  with  the  same  velocity,  and  at 
an  angle  of  obliquity  =^,  the  length  of  the  plane  moving  directly  being  to 
that  of  the  one  moving  obliquely  as  the  sine  of  ^  is  to  radius ;  then  the 
area  of  the  oblique  plane  will  be  -r~-.   The  resistance  falling  on  the  vertical 

^  /9  BID.  ^ 

plane  being  -r^,  and  as  the  resistance  on  the  oblique  plane  ''  is  contrary  to 
the  motion,  by  substituting  -^—z  instead  of /» in  our  last  expression,  it  will 
be  =  — --'  —  'f  therefore  these  two  resistances  are  lo  each  other  as  unity 
to  the  square  of  the  sine  of  obliquity.*'  t 

The  surface  of  a  ship's  bow  is  not  of  course  susceptible  of  a  simple  appli- 
cation of  this  theory ;  but  the  way  in  which  it  is  proposed  to  apply  it,  is  to 
divide  the  surface  into  many  parts,  so  small  that  each  might  be  considered 
a  plane  surface,  and  to  determine  the  obliquity  of  each  part  in  relation  to 
the  direction  of  the  motion.     As  it  would  require  a  very  tedious  course  of 

~  ~  -  —     — —        ■        — ■  ■         -  ■  -■      — .   .  ^  I    I     ■     I    ■    I  ■  I   MI^IM  _        .     .  _^__ 
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calculations  to  determine  all  these  angles  of  obliquity,  and  so  the  mean  of 
them,  as  the  angle  of  incidence,  whilst  the  result  would  be  so  uncertain,  as  to 
general  accuracy,  that  little  confidence  could  be  placed  in  it,  Euler  recom* 
mends  a  simple  calculation  founded  on  the  proportions  between  the  length 
and  breadth  of  a  ship  and  the  whole  ^^  resistance  of  the  greatest  transverse 
section  of  the  body  moving  through  the  water  in  a  direction  perpendicular 
to  that  section,^'  according  to  the  formula  ,^^*  R :  a  representing  the 
half  length ;  b  the  half  breadth,  which,  he  says,  ^^  is  very  nearly  equal  to 
the  depth ; ''  and  R  the  greatest  transverse  section.  The  product  of  these 
two  quantities  is  the  proportion  of  the  direct  resistance  that  a  ship  of  the 
given  relative  dimensions  is  supposed  to  be  subject  to.  It  is,  nevertheless, 
seen  at  once^  that  the  form  of  the  foremost  extremity  of  ships  may  vary 
indefinitely,  whilst  the  principal  dimensions  are  the  same ;  and  hence  it 
does  not  appear  that  much  confidence  could  be  placed  in  the  results  of  this 
form  of  calculation,  even  if  the  hypothesis  of  the  theory  had  been  substan- 
tially correct.  The  hypothesis  is  not,  however,  without  a  practical  value  : 
it  serves  to  explain  the  principles  and  nature  of  the  resistances  which  ships 
have  to  overcome  in  their  motion  through  the  water.  . 

Inquiry  into  the  theoretical  conditions  of  ship-building  was  almost  wholly  / 
confined  to  the  mathematicians  of  the  continent  of  Europe,  engaging |\ 
scarcely  any  regard  in  England  during  the  whole  of  the  last  century,  until(  { 
nearly  its  close,  when  Mr.  Atwood  investigated  the  properties  of  floating 
bodies,  and  deduced  his  useful  theorem  for  determining  the  stability  of 
ships;  but  whilst  the  treasures  of  mathematical  learning  were  aecumiilating 
with  the  view  to  aid  this  important  subject,  its  extreme  complexity  admitted 
of  but  very  slow  progress  towards  useful  results;  and  it  is  interesting  to 
observe,  that  whikt  the  Royal^Academy  of  Sciences  in  I^z^ce^ontinued 
year  after  year  to  ofPer  its  prizes  to  the  best  writers  on  definite  subjects 
connected  with  naval  architecture,  and  drew  forth  the  talent  and  labour  of 
some  of  the  most  eminent  men  of  that  and  of  other  countries,  yet  their 
writings  show  but  a  very  small  amount  of  results  in  the  improvements  of  the 
art.  Indeed,  the  practice  of  ship-building  can  hardly  be  said  to  have  im- 
proved from  those  purely  theoretical  efforts;  and  yet,  the  failure  of  pro- 
ducing useful  results  must  not  be  laid  entirely  to  the  account  of  the 
authors.  The  extreme  difficulty  of  rendering  theory  applicable  to  practice  I 
was  evident  at  every  effort  that  was  made ;  but  the  principles  of  statical^ 
stability  had  been  clearly  stated,  and  a  formula  supplied  for  calculating  it, 
as  we  have  seen,  by  M.  Daniel  Bernoulli;  and,  about  thirty  years  after  his 
M^moire  obtained  the  prize,  the  highest  authorities  in  naval  architecture  in 
France  were  unable  to  account  for  a  deficiency  of  stability  in  three  ships 
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tbat  were  remarkably  crank.*  Much  of  the  labours  of  mathematiciaas 
has  doubtless  been  too  abstract  for  the  guidance  of  naval  constructors ;  but 
when  that  which  is  not  so  was  not  applied,  even  in  France,  where  the 
works  were  produced,  and  where  much  encouragement  was  given  to  talented 
constructors,  one  inference  out  of  two  is  forced  upon  us, — either  that  the 
works  were  not  read,  or  that  the  education  of  the  naval  architects  of  France 
was  Tery  slender. 

It  is  true  enough,  that  some  constructors  pay  no  respect  to  science,  and 
pertinaciously  build  ships  which  must  necessarily  be  very  imperfect ;  but 
there  was  a  constant  effort  to  produce  excellent  ships  in  France,  and  it 
would  not  be  quite  ingenuous  to  suppose  that  there  would  be  an  almost 
universal  disregard  of  truths  developed  by  scientific  investigations,  if  those 
truths  had  been  current  amongst  them,  in  a  condition  in  which  they  could 
be  used. 

Don  Juan  says  that,  ''  Of  all  the  theories  of  a  ship's  motions,  the  most 
complicated  is,  without  contradiction,  that  of  the  rolling  and  pitching. 
Without  doubt  it  is  for  this  reason  that  the  most  celebrated  authors  t  are 
satisfied  with  considering  the  rolling  as  the  effect  of  a  simple  action  in  a 
ship^  resulting  from  a  small  inclination  which  she  might  be  made  to  expe- 
rience, the  sorfiu^  of  the  water  remaining  always  perfectly  horizontal ;  but 
it  is  clearly  seen,  that  in  considering  the  rolling  under  this  aspect,  it 
would  not  depend  at  all  upon  the  action  of  the  waves,  whilst  it  is  the  wave 
which  produces  it,  and  which  canboth^increase  and  diminish  it.  This  sup- 
position greatly  facilitated  calculation,  and  without  having  foreseen  or 
perceived  the  errors  to  which  it  would  lead,  the  results  of  it  have  been 
adopted  without  dreaming  of  the  defects  of  the  supposition.^'  X 

Theories,  essentially  defective,  as  this  is  shown  to  be,  must  leave  con- 
structors to  foUow  other  guides,  even  if  the  formulse  which  they  include 
could  be  applied  to  practical  purposes.  Don  Juan  wrote  his  celebrated 
work  in  1771 ;  but  it  remained  about  twelve  years  unknown  in  France,  and 
still  longer  in  England.  With  a  very  high  order  of  qualifications,  both  in 
a  scientific  education  and  in  nautical  experience,  he  bestowed  the  most 
elaborate  consideration  on  the  subjects  which  he  undertook  to  investigate. 
The  vigour  with  which  he  conducted  his  investigations  is  clearly  indicated 
in  the  character  of  his  work;  and  the  numerous  formulse  interspersed 
through  that  work  may  serve  to  satisfyus,  that  if  there  had  been  a  sufficient 

*  ^  L*Art  de  la  Marine,  par  M.  Bomme,  p.  106." 

t  Leonard  Euler,  "  Scientia  Navalis,"  Tom.  i.,  Chap,  iv.,  Prop,  xlviii. ;  M.  Bouguer, 
"  Traits  du  Navire,"  lav.  ii.,  Sec.  ilL 
*X  <*'  Ezamen  Maritime,''  Book  v.,  Chap,  vi.,  Art  609. 
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quantity  of  well-defined  information  then  on  record^  and  the  fundamental 
principles  on  which  the  whole  inquiry  had  to  be  conducted  had  been  under- 
stood rather  as  facts  than  as  hypotheses,  the  subject  would  have  exhibited 
itself  in  the  result  with  far  more  appUcability  to  useful  purposes. 

I  The  excellent  work  on  the  construction  of  ships  by  admiral  Frederick 
Henry  Chapman^  the  Swedish  naval  architect^  has  bx  less  to  do  with  theory 
than  some  works  which  had  already  appeared.  The  ample  experience  he  had 
in  his  profession  incUned  him  to  make  his  deductions  rather  from  experi- 
ment than  from  speculations ;  and  his  work  bears^  therefore^  the  character  of 
practical  utility.  This  seems  to  have  been  the  design  of  the  author,  for  he 
says  in  the  preface,  '^  The  theory  which  demonstrates  the  causes  of  these 
different  qualities,  which  shows  whether  the  defects  that  are  found  in  them 
proceed  from  their  form,  or  from  other  cause,  is  then  very  important.  It 
may,  therefore,  be  concluded,  that  the  science  of  constructing  ships  can 
never  arrive  at  full  perfection,  and  that  we  cannot  give  to  them  all  the 
qualities  of  which  they  are  susceptible,  unless  theoretical  and  practical 
knowledge  be  united. 

"  To  be  master  of  this  theory  in  all  its  extent,  appears  to  exceed  the 
powers  of  the  human  mind ;  we  must  then  be  satisfied  with  a  part  of  this 
vast  science ;  that  is  to  say,  to  know  enough  of  it  to  give  to  ships  the  prin- 
cipal qualities,  which  I  conceive  to  be, — 

"  1st.  That  a  ship  with  a  certain  draught  of  water  shall  be  able  to  con- 
tain and  cany  a  determinate  burthen. 

'^  2nd.  That  she  shall  have  a  stability  sufficient  and  also  determinate. 

"  3rd.  That  jshe  shall  behave  well  at  sea,  so  that  the  motions  of  rolling 
and  pitching  shall  not  be  too  quick. 

^'  4th.  That  she  shall  saQ  well  before  the  wind  as  well  as  close-hauled, 
and  that  she  shall  be  weatherly. 

*'  5th.  That  she  shall  not  be  too  ardent,  and  nevertheless  shall  come 
about  easily.'^ 

These  were  then  the  proper  objects  to  which  this  celebrated  author  gave 
his  attention,  and  the  very  concise  statement  indicates  something  of  the 
condition  of  naval  architecture  at  the  time  when  it  was  written. 

Although  the  work  is  presented  to  us  in  a  practical  form,  unencumbered 
by  analytical  reasoning  and  theoretical  formulae,  yet  it  is  highly  probable 
that  its  author  was  accustomed  generally  to  submit  whatever  deductions  he 
might  make  from  experiment,  to  the  test  of  a  rigorous  mathematical  inves- 
tigation (still  he  never  gives  us  such  reasoning) ;  and,  if  so,  then  he  would 
be  no  less  careful  to  bring  his  theoretical  deductions  to  the  proof  of  experi- 
ment. 
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The  method  of  calculating  a  ship's  displacement,  had  previously  regarded 
the  parts  of  lines  between  the  ordinates  as  straight  lines ;  but  this  was  an 
obvious  error,  and  M.  Chapman  regarded  them  as  parts  of  a  parabolic 
curve ;  and  from  the  properties  of  that  curve,  and  of  the  trapezium,  he 
obtained  an  expression  for  making  a  calculation  which  approximated  much 
nearer  to  an  accurate  result  than  other  methods  had  ascertained.  It  has, 
however,  been  shown  by  Mr.  Atwood,  that  Mr.  Stirling's  method  of  approxi- 
matiug  to  the  areas  of  curves  is  nearer  the  truth  than  that  of  Chapman, 
but  with  so  small  a  relative  superiority,  that  either  of  them  was  sufficiently 
exact  for  practical  calculations.  The  method  of  calculation  which  would 
approximate  to  the  areas  of  curves,  was  of  course  applied  with  equal  success 
to  determine  the  solid  contents  of  the  body  and  the  position  of  its  centre  of 
gravity.* 

It  is  not  necessary  to  notice  the  details  of  contributions  which  this  valu- 
able work  has  rendered  to  the  science  of  naval  construction ;  but  it  is  just 
to  observe  that  the  notes  added  by  M.  Clairbois,  who  translated  it  into 
French,  and  by  Dr.  Inman,  Professor  of  Mathematics  at  the  Royal  Naval 
College,  who  translated  it  into  English,  gave  it  an  additional  value,  by  cor- 
recting some  errors  into  which  the  elementary  principles  of  M.  Chapman 
had  led  him,  by  supplying  some  considerations  which  he  seems  to  have 
overlooked,  and  by  elucidating,  in  some  measure,  portions  of  the  text. 

The  eiforts  of  the  Academy  of  Sciences  at  Paris  kept  some  attention  fixed 
upon  subjects  immediately  connected  with  naval  architecture  and  naviga- 
tion, in  addition  to  all  that  experience  of  great  deficiency  urged  towards 
improvement.  Mathematicians  were  therefore  looking  to  science  for  a 
basis  on  which  improvement  should  be  carried  on ;  but  the  specidations  of 
some  of  them  were,  as  it  seems,  conducted  with  too  exclusive  a  reference 
to  abstract  principles ;  for  amongst  the  numerous  formuke  that  were  con- 
structed, in  the  course  of  their  reasonings,  there  were  few  supplied  that 
have  been  found  useAil  in  practice.  The  union  of  practical  information, 
with  a  power  to  investigate  the  bearings  of  facts  on  the  principles  of  mathe- 
matics, led  to  a  different  line  of  inquiry. 

About  the  year  1763,  the  Chevalier  de  Borda,  a  naval  captain,  and  a 
member  of  the  Academy  of  Sciences^  doubting  the  soundness  of  the  theory 
then  generally  accepted  as  the  basis  of  naval  construction^  engaged  in  a 
practical  examination  of  the  laws  of  the  resistances  of  fluids,  and  arrived 
at  some  definite  conclusions  :  as,  first,  that  the  resistances  experienced  by 

*  It  is  doubtful  whether  the  method  used  now  for  calculating  the  cubic  contents  of 
the  body  gives  its  exact  measure. 
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bodies  moving  in  the  air,  and  in  water,  are  proportional  to  the  squares  of 
the  velocities ;  secondly,  that  the  resistances  opposed  to  plane  sur&ces  moved 
in  the  air,  increase  in  a  greater  ratio  than  the  extent  of  these  surfaces ; 
thirdly,  that  the  common  theory  is  entirely  false,  as  it  regards  the  resistance 
experienced  by  surfaces  struck  obliquely  by  a  fluid. 

In  1767,  M.  de  Borda  undertook  another  course  of  experiments,  to 
measure  the  resistance  opposed  by  water  to  spherical  bodies ;  from  these 
experiments  he  came  to  the  conclusion,  that  the  common  theory  of  ihe 
shock  of  fluids  gave  nothing  but  absolutely  false  results ;  that  it  gave  rela- 
tions much  at  variance  with  truth;  and  that  consequently  it  would  be 
useless  and  dangerous  to  attempt  an  application  of  them  in  the  art  of  con- 
structing ships. 

The  extreme  difficulty  in  making  any  experiments  on  ships  at  sea,  closed 
the  door  against  inquiry  in  that  sphere  for  which  it  was  necessary  to  arrive 
at  conclusions.  A  bare  mention  of  the  difficulties  seems  enough  to  make 
it  perceived,  that  such  line  of  investigation  must  be  abandoned.  A  ship  at 
sea  is  constantly  varying  the  surface  presented  to  the  resistance  of  the 
water ;  the  most  steady  wind  is  variable  in  its  force ;  the  position  of  the 
sails  is  not  sufficiently  exact  for  calculation ;  and  the  varying  i^tation  of 
the  sea  produces  changes  which  cannot  be  ascertained,  whilst  there  are 
often  currents  of  which  the  direction  and  velocity  are  unknown.  Hence^ 
it  has  been  seen,  by  all  who  have  attempted  to  investigate  this  subject, 
that  the  experiments  made  to  elucidate  it  must  be  on  a  small  scale,  and  in 
water  of  which  the  condition  was  known.  M.  de  Borda  therefore,  con- 
ducted his  experiments  under  circumstances  suited  to  bring  the  facts 
involved  in  them  under  the  power  of  calculation. 

The  results  which  were  deduced  from  these  investigations,  shook  the 
confidence  of  mathematicians  and  of  navigators  in  the  principles  which  had 
long  been  relied  on.  For,  whilst  the  established  rules  could  no  longer  be 
applied  in  practice,  with  any  assurance  of  truth,  all  the  principles  involved 
in  them  fell  under  distrust.  M.  de  Borda's  experiments  did  nothing  posi- 
tively towards  the  development  of  truth.  But  all  saw  the  desirableness  of 
reoccupying  the  place  of  an  erroneous  and  obsolete  theory ;  in  order  to 
this,  it  was  necessary  to  make  experiments  and  observations  which  should 
be  sufficiently  numerous,  varied,  and  well  connected,  to  point  out  the  true 
laws  of  the  resistance  of  water,  as  well  as  to  demonstrate  the  errors  of  those 
which  had  been  attributed  to  it. 

Experiments  having  this  object  in  view,  were  undertaken  by  M.  d'AIem- 
bert,  the  Marquis  de  Condorcet,  and  the  Abb^  Bossut.  These  experiments 
were  performed  in  1775,  under  the  most  favourable  circumstances  for  inves- 
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tigating  the  subject  that  we  may  suppose  were  available  in  Prance^  and  en- 
trusted to  the  care  of  persons  the  most  likely,  for  their  eminent  attainments  in 
science,  to  do  justice  to  the  subject.  The  question  that  required  to  be  first 
determined  was,  the  resistance  which  fluids  offer  to  bodies  in  passing 
through  them ;  whilst  the  end  to  be  attained,  was  the  improvement  of  the 
inland  navigation  of  the  kingdom. 

The  Abb^  Bossut  says  in  his  report,  that,  before  applying  mathematical 
investigation,  they  "  thought  it  would  be  advisable,  by  means  of  experi- 
ments, either  to  establish  the  truth  of  the  elements  of  the  theories  already 
known,  or  to  procure  data  to  serve  as  a  basis  for  a  new  solution.^'  The 
models  used  in  these  experiments  were  altered,  becoming,  through  succes- 
sive changes,  most  dissimilar  at  the  extremities.  The  place  where  they 
were  made  was  a  large  basin,  one  hundred  feet  long,  and  fifty-three  broad, 
and  the  greatest  depth  of  water  in  it  was  six  feet.  The  models  were  drawn 
by  a  line  passing  from  the  end  of  the  model  through  a  pulley  at  the  end 
of  the  basin,  at  the  same  height,  with  relation  to  the  surface  of  the  water, 
at  which  it  was  attached  to  the  model,  in  order  that  the  moving  force 
might  be  exactly  in  the  required  line  of  motion.  And  all  the  arragements 
were  made  with  the  view  to  the  greatest  possible  precision  in  noting  the 
results.  The  results  obtained  were,  therefore,  of  simple  motion  in  smooth 
water ;  and  the  report  says,  "  All  experiments  on  the  resistance  of  fluids 
may  be  reduced  to  the  simple  motion,  in  a  fluid  which  is  at  rest,  of  a  body 
of  a  given  figure,  by  means  of  a  weight  or  any  other  motive  force,  and  to 
the  determination  of  the  time  employed  by  the  body  in  passing  through  a 
given  space.''  But  whether,  in  deducing  the  consequences  of  this  simple  * 
motion,  it  is  not  simplifying  the  question  too  much  to  leave  firiction  alto- 
gether out  of  the  account,  might  be  doubted.  Colonel  Beaufoy  always 
deemed  an  .allowance  for  friction  necessary  to  the  accuracy  of  his  deduc- 
tions. But  Bossut  says  in  this  report,  ''  The  whole  friction  against  the 
sides^  bottom,  and  rudder,  will  vanish  in  comparison  of  the  resistance 
against  the  bows.'' 

In  carrying  on  the  experiments,  the  results  were  very  exactly  noted,  in 
comparison  with  the  results  of  calculations  founded  on  existing  theory,  and 
the  discrepancy  found  between  the  two  results,  showed  the  relation  of 
theory  to  truth.  From  a  number  of  experiments,  conducted  and  noted 
with  great  care,  this  deduction  is  drawn :  "  that  the  resistances  experienced 
by  a  surfekce  moved  with  different  velocities,  in  an  indefinite  fluid,  vary 
nearly  as  the  squares  of  the  velocities ;  this  law  will  apply  both  for  the 
direct  resistances  and  for  the  oblique ;  but  it  must  be  observed  that,  st^ctly 
speaking,  the  resistance  increases  faster  than  the  square  of  the  velocity. 
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and  the  reason  for  this  is  easily  explained ;  for  as  soon  as  the  floating  body 
is  in  motion^  the  fluid  is  divided  and  displaced ;  but  as  this  cannot  instan- 
taneously be  effected,  at  the  commencement  of  the  motion  the  velocity  is 
gradually  accelerated :  while  it  is  small^  the  water  is  easily  displaced^  and 
escapes  along  the  sides  of  the  vessel^  so  that  its  surface  remains  level ;  but 
as  the  velocity  increases^  there  is  more  difficulty  is  displacing  the  fluids 
which  consequently  accumulates  before  the  bow^  and  forms  a  sort  of  bow 
of  fluid,  which  is  of  greater  or  less  extent  in  proportion  as  the  velocity  is 
great  or  small,  and  also,  of  coxurse,  in  proportion  to  the  size  of  the  solid  bow. 
Also  the  fluid  sinks  towards  the  after  part  of  the  vessel ;  this  double  effect 
is  the  greatest,  everything  else  being  constant,  when  the  velocity  is  the 
greatest.  Therefore,  the  increase  of  velocity  augments  the  difficulty  a 
vessel  experiences  in  dividing  a  fluid.'^ 

It  was  shown  also  in  experiment,  that  the  resistances  to  plane  surfaces 
were  not  exactly  proportional  to  the  areas  immersed,  but  that  they  increased 
'^  in  a  rather  greater  proportion  than  the  areas  of  the  surfaces.  It  is  evident 
that  this  would  be  the  case ;  for  the  greater  the  surface  is,  the  greater 
difficulty  must  the  fluid  which  is  forced  before  it  experience  in  escaping 
and  recovering  its  level.^^  Further,  it  was  foxmd  that  the  resistances 
experienced  by  surfaces  immersed  to  unequal  depths,  did  not  follow  the 
same  law  as  the  resistances  to  surfaces  immersed  to  equal  depths.  The 
velocities  of  these  being  the  same,  the  resistances  increased  in  a  greater 
proportion  than  the  surfaces  first  plunged  into  the  fluid ;  but  the  contrary 
was  the  case  with  others. 

The  trials  made  to  compare  theory  with  experience,  in  respect  of  the 
resistances  opposed  by  the  water  to  oblique  surfaces,  were  not  satisfactory ; 
they  seemed  rather  to  increase  the  perplexity  of  the  subject,  than  to  supply 
means  for  removing  its  difficulties.  "  We  see  that  with  respect  to  the  law 
of  the  square  of  the  sine  of  the  angle  of  incidence  of  the  fluid  on  the  plane, 
the  results  of  theory  differ  more  and  more  from  those  of  experiment,  in 
proportion  as  the  angle  in  question  diminishes.  The  motive-weights,  in 
oblique  resistances,  are  always  greater,  according  to  experiment,  than  they 
should  be  as  deduced  from  the  theory.  When  the  angle  of  incidence  was 
rather  large, — as,  for  example,  63°  28',  and  45°, — the  results  of  the  theory 
do  not  differ  greatly  from  those  of  experiment.  But  where  the  angle  of 
incidence  was  33°  41',  26°  34',  21°  49',  or  14°  3',  the  difference  between  the 
results  of  experiments  and  theory  were  considerable,  and  increased  as  the 
angle  of  incidence  diminished.  It  is  not  possible,  therefore,  to  make  use 
of  theory  to  determine  the  resistances  which  are  experienced  in  oblique 
shocks.   In  the  same  manner,  theory  is  completely  insufficient  to  determine 
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the  resistances  experienced  by  curved  surfaces,  excepting  in  the  case  in 
which  the  surfaces  do  not  meet  the  fluid  under  small  angles  of  incidence/' 

But  as,  in  naval  architecture,  the  resistance  has  seldom  to  be  overcome 
by  a  plane  surface,  meeting  the  shock  either  vertically  or  obliquely,  these 
investigations  hardly  touched  the  subject  which  this  science  requires  to 
have  determined,  in  order  to  its  perfection.  They  served  no  purpose 
towards  finding  the  solid  of  the  least  resistance,  as  the  law  of  the  curvature 
in  such  a  case  was  unknown.  The  principles  shown  to  be  nearly  true  in 
regard  to  plane  surfaces,  which  meet  the  resistance  at  great  angles  of  inci- 
dence^ would  be  of  little  value  here,  inasmuch  as  the  limit  of  their  applica- 
tion would  soon  cease ;  and  the  curve  gradually  diminishing  the  angle  of 
incidence,  would  subject  any  calculations  to  great  uncertainty,  even  should 
a  complicated  formula  be  constructed  and  used  for  the  purpose. 

But  whilst  these  experiments  proved  that  the  existing  theories  of  the  re- 
sistances of  fluids  were  erroneous,  they  failed  of  leading  to  the  reconstruction 
of  any  theory.  Hence,  whatever  in  naval  architecture  had  been  determined 
by  the  principles  on  which  those  theories  were  based,  was  not  only  found 
to  have  been  determined  in  error,  but  nothing  was  provided  for  the  correct 
guidance  of  art  in  future.  And  naval  architects  were  without  even  an  imagin- 
ary certainty  to  direct  them  in  construction.  This  state  of  the  science  showed 
the  importance  of  further  experiments  with  the  view  to  determine  some 
sure  principles  which  should  serve  as  the  basis  of  a  true  theory.  The  re- 
sources of  science  had  been  tried,  and  had  not  supplied  the  necessary  aid ; 
'experience  had  been  referred  to,  and  the  rules  which  it  had  taught  were  as 
uncertain  as  they  were  obscure.  The  art  of  building  ships,  and  of  stowing, 
rigging,  and  managing  them  had  been  much  more  successfully  made  the 
object  of  definite  rules.  Theory  was,  nevertheless,  wanted,  in  order  to  the 
perfection  of  these  arts.  But  M.  Bomme  says,  "  it  seems  still  to  abandon 
the  constructor  to  a  dangerous  imcertainty  (tfttonnement)  and  in  an  obscu- 
rity which  it  cannot  dissipate.  Far  from  being  able  to  show  which,  of  all 
the  forms  that  may  be  given  to  ships,  ought  to  make  them  the  fittest  for 
the  sea,  it  can  hardly  demonstrate  the  goodness  of  some  parts  of  the  forms 
adopted.''* 

Amongst  the  various  qualities  entering  into  the  combination  necessary  to 
perfection,  are  those  of  stability  and  speed.  And,  in  order  to  have  all  the 
features  of  excellence  justly  proportioned,  M.  Bomme  suggests  the  tracing 

*  L*Art  de  la  Marine,  ou  Principes  et  Preoeptes-Generaux  de  TArt  de  Oonstruire, 
d^Armer,  de  Manoeuvrer  et  de  Oonduire  des  Yaisseaux,  par  M.  Romme,  Correspondent 
de  TAcad^mie  des  Sdenoes  de  Paris,  et  ProfeBseur-Boyal  de  Navigation  des  EUves  de  la 
Marine,  &  la  Rochelle,  1787. 
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of  all  the  qualities  to  their  source^  so  that^  knowing  their  respective 
causes,  generally,  rules  may  be  formed  easy  of  application  in  practice ;  and 
the  essential  relations  of  the  several  parts  be  observed  in  construction. 
M.  Bomme,  who  was  deeply  interested  in  whatever  tended  to  advance  this 
science,  conducted  some  experiments  at  Bochelle,  in  1776,  with  this  object^ 
and  obtained  results,  at  once  curious  and  important.  His  researches  were 
directed  to  the  resistances  which  fluids  present  to  bodies  passing  through 
them  in  a  direct  course.  He  says, ''  the  law  which  determines  the  form 
suited  to  fast  sailing  and  but  little  lee-way,  depends  on  a  knowledge  of  that 
of  the  resistance  opposed  by  the  water  to  bodies  moving  in  it.  It  is  these 
laws  which  serve  to  measure  the  action  of  the  water  on  the  rudder,  to  deter- 
mine the  angle  of  incidence  most  favourable  to  its  effect,  to  form  the  bow 
and  stem,  so  that  they  shall  easily  obey  this  action,  and  to  fix  as  weU  the 
place  as  the  height  of  the  masts  best  suited  to  accelerate  the  evolutions. 
Neither  is  it  otherwise,  than  from  the  laws  of  the  impulse  of  the  waves  upon 
floating  bodies,  that  any  rules  can  be  determined,  to  render  ships  easy  in 
rising  upon  the  waves,  and  to  ensure  to  them  easy  and  regular  oscillations, 
so  far  as  these  advantages  depend  on  the  external  form  of  ships.  Thus  it 
is  seen  that  the  qualities  of  ships  are  intimately  related  to  the  knowledge 
of  the  laws  of  the  action  of  water  upon  bodies  moving  in  it ;  and  these  laws 
are  stiU  very  uncertain.  In  the  necessity  of  knowing  them,  it  has  been 
assumed  that  some  of  them  appeared  sufficiently  probable,  and  plausible 
reasonings  have  made  it  believed  that  the  water  opposes  to  a  surface  in 
motion  a  resistance  varying  as  the  squares  of  the  sine  of  the  angle  of 
incidence.  This  principle,  which  alone  could  serve  to  fix  the  form  of  ships, 
has  been  the  only  one  yet  employed ;  and  experience  has  shown  that  there 
could  not  but  be  error  in  following  it.  In  making  use  of  this  principle  in 
calculating  the  forms,  a  particular  consideration  is  also  introduced,  which  is 
not  less  conjectural.  It  is  supposed  that  the  total  resistance  which  wat^ 
opposes  to  a  ship  in  motion,  is  equal  to  the  sum  of  the  partial  resistances 
which  the  parts  of  the  bow  alone  would  experience,  if  isolated^  and  pre- 
sented to  the  shock  of  the  water,  they  were  moved  with  the  velocity  of  the 
ship :  no  regard  is  had  to  the  after  part  of  the  body  in  measuring  the 
resistances,  and  it  is  thought  that  a  ship,  after  having  been  subject  to  the 
friction  of  the  fluid  in  a  course  bringing  the  impulse  on  the  bow,  after 
having  stemmed  the  column  of  water  which  opposes  its  passage ;  the  after 
part  of  the  body,  whatever  it  may  be,  cannot,  in  following  the  bow,  either 
increase  or  diminish  the  total  resistance.  Thus,  this  adopted  law  prescribes 
no  particular  form  to  the  after  part  of  the  ship :  but  another  consideration 
has  presented  itself,  to  dissipate  that  uncertainty.    It  has  been  thought  that 
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the  fluid  particles  met  by  the  bow  of  a  ship  in  motion  ought  to  follow 
the  outline  of  the  immersed  part  to  the  extremity  of  the  stem;  in  order, 
therefore,  that  they  may  strike  the  rudder  under  a  great  angle  of  inddenoe, 
it  has  been  decided  that  [the  lowest  water-lines  at  the  after  part  should  be 
very  fine  and  very  sharp. 

^'  It  is  with  such  a  law,  and  firom  such  considerations,-  that  the  form  of 
ships  has  been  determined.  Thus,  the  bow  and  after  part  have  been  formed 
on  principles  very  different  and  equally  uncertain.  The  ships  which  have 
resulted  from  these  combinations  must  consequently  demonstrate  the  in- 
sufficiency of  the  art.  In  fact,  let  us  open  the  reports  of  captains  who 
have  cM>mmanded  the  most  modem  ships,  and  we  shall  see  that  ships 
rarely  sail  with  the  difference  in  the  draught  of  water  indicated  by  the 
constructor.^^ 

The  results  of  calculation  in  the  constmction  of  ships  were  wrong, 
together  with  the  trim;— the  form  of  the  midship  and  other  sections ;— the 
masts;  and  the  direct  and  oblique  resistances.  Ships  were  deficient  in 
stability,  and  were  doubled,  although  it  was  considered  that  this  property 
could  be  correctly  calculated.  Bossut  said  that  stability,  "  being  founded 
on  the  laws  of  the  equilibrium  of  bodies,  has  been  easily  submitted  to 
calculation ;  and  by  knowing  the  weight  and  the  distribution  of  all  the  parts 
of  a  ship  designed,  the  degree  of  stability  which  she  will  really  have  can  be 
always  determined.''  Thus,  whilst  the  question  of  the  resistance  of  fluids, 
constituting  one  of  the  principal  theories  on  which  the  perfection  of  naval 
architectare  depends,  was  engrossing  a  large  sliare  of  attention,  it  was 
assumed  that  another  principal  theory — ^that  of  the  stability  of  ships — ^was 
sufficiently  known.  But  whilst  special  investigation  proved  one  theory  to 
be  defective,  the  other  was  proved  to  be  so  by  common  experience.  For, 
if  it  were  supposed  that  the  deficiency  in  the  stabihty  of  ships  resulted  from 
a  want  of  care  in  calculating  that  element  in  construction,  still  we  see  that 
theory  did  not  supply  the  means  of  determining  to  what  cause  instability 
was  owing  in  ships  already  built,  and  then  submitted  to  its  calculations. 
It  seems  that  there  was  scarcely  a  quality  that  could  be  ensured  to  ships 
firom  calculation.  Some  ships,  in  which  the  one  feature  of  excellence 
sought  for  was  swiftness  in  sailing,  were  duU  sailers ;  and^  as  everything 
else  had  been  sacrificed  to  gain  that  quality,  the  failures  were  complete. 
Ships  of  116  guns  sometimes  sailed  as  well  as  those  of  74;  and  some  of 
these  would  sail  faster  than  firigates  and  corvettes,  which  had  been  built 
expressly  for  speed.  Some  ships,  built  to  run  well  before  the  wind^  were 
veiy  slow  in  running,  but  were  &st  sailers  with  the  wind  abeam,  or  close- 
hauled.    Some  would  not  hold  a  good  wind  without  a  considerable  depth 
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of  false  keelj  others^  because  they  were  too  ardent^  were  trimmed  very 
much  by  the  stem ;  some  would  not  stay  in  a  heavy  sea,  others  would  not 
carry  their  after-sails  in  a  fresh  wind ;  and  in  some,  the  motions  were  so 
hard  that  no  kind  of  stowage  could  soften  them.  Some  of  the  defects 
pointed  out  had  characterized  ships  for  ages,  resulting  fi^m  principles 
adopted  in  naval  architecture,  and  proving  the  necessity  of  new  theoretical 
inquiries  on  the  subject. 

The  attention  of  M.  Bomme  had  been  awakened  to  the  subject  of  the 
resistances  of  fluids  by  observing,  that  when  ships  were  launched,  the  phe- 
nomena were  of  a  more  striking  character  than  those  which  could  be 
observed  when  they  were  impelled  through  the  water  by  the  power  of  wind 
on  their  sails.  There  might  be  very  little  in  this  common  observation,  con- 
sidered apart  from  other  things ;  but  when  we  see  that  the  ideas  it  suggested 
accumulated  and  expanded,  leading  to  experiments  and  investigations  on 
one  of  the  most  difficult  subjects  in  natural  philosophy,  and  almost  supplant- 
ing old  theories,  we  cannot  but  recognize  a  deep  and  interesting  importance 
in  the  observance  of  those  simple  facts  which  seldom  give  rise  to  more  than 
a  passing  thought. 

These  led  to  a  number  of  experiments,  and  thence  to  the  construction  of 
a  formula  for  calculating  the  resistance  of  water  to  bodies  moving  in  it.  He 
referred  to  an  experiment  reported  by  Chapman,  which  seemed  to  favour 
his  hypothesis ;  but  it  is  clear  that  Chapman  did  not  infer  from  any  experi- 
ments that  the  form  of  a  ship's  bow  was  of  little  or  no  consequence  to  the 
power  with  which  she  would  overcome  the  resistance  of  the  water.  The 
fourth  chapter  of  his  work  on  the  construction  of  ships  is  decisive  on  this 
point.  After  giving  the  results  of  experiments  made  with  seven  forms  of 
bodies,  he  says,  "  The  inference  which  may  be  drawn  from  all  this  is, 
1st.  That  when  the  motion  is  slow,  the  velocity  of  the  body  is  greater  when 
the  sharpest  extremity  is  before,  than  when  the  obtuse  extremity  is.  2nd. 
That,  when  the  velocity  is  increased  to  a  certain  degree,  this  body  runs 
through  the  same  distance  in  equal  times,  whichever  extremity  is  before. 
3rd.  That  when  the  velocity  becomes  still  greater,  the  body  runs  through 
the  same  distance  in  less  time  when  the  obtuse  extremity  is  before :  thus  it 
is  the  velocity  of  the  body  which  ought  to  determine  the  place  of  the 
greatest  breadth,  in  order  that  the  resistance  may  be  a  mifUmum."  *  He 
referred  also  to  an  experiment  recorded  in  the  memoirs  of  the  Academy  of 
Sciences  for  1767,  which  he  considered  would  support  the  same  conclusion. 


*  Traits  de  la  Cionstruction  des  Vaisseaux,  &c.,  par  Frederic  Henri  de  Chapman, 
traduit  du  SuMois  par  M.  Yial  du  Clairbois,  pp.  41-2.    Edition,  1839. 
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He  then  applied  his  formula  to  the  experiments  which  had  been  conducted 
by  the  Abb^  Bossut ;  and  in  1783  he  read  before  the  Academy  of  Sciences 
a  M^moire  detaihng  all  that  he  had  done.  However  startling  the  paper 
may  have  been^  it  seems  to  have  gained  a  candid  attention;  and  the 
Chevalier  de  Borda^  M.  de  Boiy,  and  the  Abb^  Bossut^  were  appointed  to 
examine  it  and  report  thereon. 

After  citing  the  experiments  just  referred  to,  and  another  which  the 
author  had  made,  they  say,  "  From  all  these  examples  M.  Bomme  con- 
cludes that  the  resistance  upon  an  arc  of  a  curve  is  evidently  the  same  as 
upon  the  chord  of  this  arc.  He  believes,  also,  that  he  may  therefrom  con- 
clude that  the  resistance  upon  the  curvilinear  bow  of  a  ship  is  the  same  as 
if  the  immersed  part  of  the  body  was  formed  by  right  lines  drawn  horizon- 
tally from  the  bow,  and  terminated  at  the  midship  section.  These  propo- 
sitions once  established,  the  author  of  the  M^moire  gives  a  general  formula 
for  calculating  the  resistance  upon  this  bow  thus  formed  by  right  lines,  a 
formula  which  he  does  not  pretend  to  demonstrate,  which  he  does  not 
even  give  as  applicable  to  figures  very  different  from  one  another,  but 
which  he  believes  may  serve  to  compare  the  resistances  on  the  bows  of 
ships  of  the  same  kind.  He  shows,  besides,  that  this  formula  agrees 
well  enough  with  the  results  of  most  of  the  experiments  of  the  Abb^ 
Bossut,  and  that  it  agrees  equally  with  that  which  the  author  made  at 
Rochfort. 

"  We  think,  with  the  author,  that  curves  but  Uttle  different  from  one 
another,  terminated  at  the  same  points,  experience  almost  the  same  resist- 
ances j  we  think,  also,  that  the  formula  which  he  deduces  in  part  from  this 
first  proposition  gives  more  exact  results  than  the  old  theory;  but  we 
should  like  this  formula  to  be  tried  again,  by  applying  it  to  new  experi- 
ments^ more  direct,  and  made  with  the  greatest  care:  this  is  also  M. 
Bomme's  opinion.^' 

M.  Bomme  therefore  continued  the  investigation  of  a  subject  that  seemed 
to  promise  results  of  so  much  consequence ;  and  whilst  his  chief  problem 
bore  on  the  direct  resistance  the  water  opposes  to  floating  bodies,  the  other 
conditions  of  ships  were  considered  in  their  mutual  and  dependent  relations. 
He  says,  ^'  All  ships  which  have  stability,  and  whose  lading  is  stowed  with 
intelligence,  commonly  have  easy  oscillations,  and  but  little  extended,  and 
behave  well  at  sea.  Those  which  have  great  speed  are  steered  easily,  and 
never  have  much  lee-way :  thus,  amongst  these  qualities  there  are  principal 
and  secondary,  that  is  to  say,  that  some  depend  so  on  others  that  they  are 
direct  and  necessary  consequences  of  them.  Those  which  are  immediately 
related  to  stabiHty  and  stowage  are  submitted,  as  they  are,  to  known  rules 
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which  are  simple^  certain,  and  easy  to  follow.  Therefore,  the  design  of 
labouring  to  advance  the  art,  ought  to  have  for  its  object  only  to  know  the 
forms  which  may  be  the  most  favourable  to  the  speed  of  the  ship,  and  to  the 
action  of  the  rudder.  However,  this  knowledge,  separate,  if  it  were  acquired, 
would  not  alone  be  a  8u£Gicient  help  to  form  excellent  ships.  It  would  still 
remain  to  examiae  whether  the  outUnes  required  for  great  speed  could  con- 
sist with  those  which  are  necessary  to  great  stability ;  for,  according  to  an 
opinion  commonly  enough  received,  these  two  quantities  cannot,  in  the 
same  ship,  at  the  same  time,  be  carried  to  a  very  high  degree.  Thus  the 
researches  which  I  have  undertaken  should  not  aim  at  determining  the 
most  favourable  outline  for  speed ;  but  especially  to  discover  in  what  rela- 
tion the  resistance  which  the  water  opposes  to  ships,  varies  when  the  forms 
of  their  immersed  body  are  very  considerably  different  in  their  curvature 
and  in  their  capacity.  I  ought  chiefly  to  inquire  whether,  in  increasing 
or  diminishing  the  fulness  of  the  water-lines  of  a  ship  which  should  always 
preserve  the  same  midship  section,  and  the  same  principal  dimensions,  the 
resistance  of  the  water  would  experience  very  perceptible  changes ;  and  by 
this  means  it  would  become  easy  to  decide  whether  the  water-lines  which 
would  be  most  favourable  to  speed,  would  not  lose  this  property  in  becom- 
ing suited  to  a  great  stability,  and  to  a  convenient  capacity,  by  the  increase 
of  their  surface.^'  Such  was  the  important  problem  which  it  was  necessary 
to  solve  by  experiment. 

Before  entering  upon  the  series  of  experiments  in  which  he  sought  to 
arrive  at  the  solution  of  that  great  problem,  M.  Bomme  investigated  the 
relative  force  of  currents  under  different  circumstances,  by  the  use  of 
curved  tubes,  as  a  preliminary  measure.  We  need  not  stop  to  notice  this 
part  of  his  labours,  further  than  to  mention  that  he  obtained  results,  from 
which  he  inferred  the  relative  pressures  of  water  upon  the  bow  and  the 
stem  of  a  ship.  Thus,  "  The  after  parts  of  the  immersed  body  are  not 
pressed  in  the  state  of  motion  as  they  are  in  the  state  of  rest,  and  that  this 
diminution  of  pressure  takes  place,  not  only  for  surfaces  to  which  the 
direction  of  the  motion  is  perpendicular,  but  also  for  those  to  which  this 
direction  is  more  or  less  oblique.  Further,  the  pressure  of  the  water  upon 
the  anterior  parts  of  a  body  in  motion  is  the  more  increased  as  the  velocity 
of  the  body  is  greater." 

The  inquiries  must  necessarily  be  pursued  in  connection  with  a  body 
moving  and  pushing  away  the  water  before  it,  in  order  to  make  room  for 
itself  to  occupy,  in  its  progress.  It  is  evident  that  the  water  may  escape 
from  before  a  body,  more  or  less  easily,  according  to  some  conditions. 
Experiments  had  shown  that  the  escape  of  the  water  from  before  a  body  was 


INTRODUCTION. 


Iv 


almost  entirely  lateral ;  the  determination  of  that  fact  was  of  some  conse- 
qnence^  in  so  £Eur  as  it  narrowed  the  limits  of  the  inquiry. 
Let  a  prism  (fig.  4)  ^*  be  put  into  motion  by  any  weight  P,  this  body 

yields  to  the  power  which  draws  it ;  it  pushes  up  the 
fluid,  advances  into  the  space,  and  its  velocity  is  acce- 
lerated by  degrees,  until  the  resistance,  which  increases 
successively,  becomes  equal  to  the  moving  power.  When 
a  prism,  such  as  fig.  4,  is  in  a  state  of  rest,  the  pressure 
of  the  water  upon  its  anterior  face  in  a  horizontal  direc- 
tion,  or  perpendicular  to  this  anterior  face,  is  in  equili- 
brium with  the  horizontal  pressure  which  the  water 
exerts  upon  its  posterior  &ce.  This  equilibrium  is  the 
only  cause  of  the  rest  of  this  prism ;  but  as  soon  as  it 
acquires  a  velocity  in  a  direction  perpendicular  to  the 
plane  of  one  of  its  faces,  the  anterior  fluid  is  forced  up.  The  water  which 
surrounds  the  posterior  part  is  pressed  by  the  surrounding  fluid  to  follow 
the  body  in  its  course ;  thus  it  no  longer  exerts  any  more  than  a  diminished 
pressure;  let  bros  (fig.  4)  be  a  horizontal  section  of  this  prism,  whose  an- 
terior surface  is  represented  in  fig.  5  ;  let  |i  be  the  depth  at  which  this 
Fig,  5.  section  is  placed  below  the  level  of  calm  water,  and 

h  the  height  to  which  the  uniform  velocity  of  the 
body  is  due.  If  this  prism  is  divided  by  many 
parallel  sections  infinitely  near  to  each  other,  it  may 
be  regarded  as  composed  of  an  infinity  of  laminae, 
which  are  so  many  parallelopipeds,  whose  base  \^  bros  and  height  b c ;  and 
it  will  be  necessary  to  determine  the  partial  resistance  which  the  water 
opposes  to  each  of  these  laminse,  in  order  to  conclude  therefrom  the  total 
resistance  which  the  prism  experiences  in  its  motion.  Let  a  represent  the 
side  ab  of  the  base  of  these  small  elementary  prisms,  of  that  which  is  ex- 
posed to  the  shock  of  the  water,  and  let  dp,  which  is  the  differential  of  ji, 
represent  its  height  b  c  (fig.  5) ;  the  element  of  the  face  of  the  prism  exposed 
to  the  shock  of  the  water  is  then  a  dp.  When  the  prism  is  at  rest,  the 
pressure  on  this  element  is  proportional  to  p ;  but  as  soon  as  the  body  is  in 
motion,  as  soon  as  this  face  pushes  directly  against  the  anterior  fiuid,  with 
a  velocity  due  to  the  height  A,  then  the  pressure  of  water  on  each  element 
abed  is  increased,  and  it  is  in  the  ratio  of  ^  +  h ;  for  the  anterior  particles 
are  forced  to  escape  before  the  body  with  a  velocity  due  to  this  same  height 
h,  and  consequently  their  pressure  on  abed  must  become  proportional  to 
p  +  h.  The  pressure  upon  an  element  of  the  anterior  face  of  the  given 
prism  is  proportional  to  the  weight  of  a  fluid  column  whose  height  is  equal 
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to  the  distance  from  this  column  to  the  level  of  the  water^  increased  by  the 
height  to  which  the  progressive  velocity  of  the  body  is  due. 

'^  Let  JT  be  a  constant  depending  on  the  tenacity  of  the  fluid,  and  on  its 
specific  gravity ;  then  the  pressure  upon  each  element  abed  o{  the  anterior 
face  of  the  prism,  should  be  represented  by  Ka  {p  +  h)  x  dp.  The  pressure 
of  the  water  upon  the  two  lateral  faces  of  this  prism,  are  equal  and  opposite ; 
thus  let  us  examine  only  what  is  the  pressure  which  the  water  exerts  upon 
the  posterior  face  of  the  horizontal  lamina.  This  face  is  abed,  equal  to  the 
anterior  face.  As  soon  as  the  body  acquires  velocity,  the  fluid  particles 
which,  in  a  state  of  rest,  were  in  contact  with  the  posterior  face  and  the 
whole  of  the  prism,  can  no  longer,  altogether,  follow  the  body  which  escapes 
firom  them.  All  those  which  are  not  capable  of  taking  a  velocity  due  to 
the  height  h,  because  they  are  distant  from  the  level  of  the  water  by  a 
quantity  smaller  than  h,  can  no  longer  accompany  the  body  in  its  course. 
The  body  leaves  them  behind;  they  no  longer  exert  any  pressure  upon  it; 
and  the  fluid  sinks  behind  the  body  below  the  level  of  even  water.  Things 
being  in  this  state,  it  follows  that  the  inferior  particles  are  less  pressed, 
either  because  the  upper  columns  to  which  they  serve  as  a  basis  have 
diminished  in  height,  or  because  the  inferior  fluid  is  forced  by  the  whole 
mass  of  surrounding  water  to  yield  to  this  defect  of  pressure,  and  to  take« 
vertically,  a  velocity  due  to  the  height  h.  The  partial  pressure  which  abed 
experienced  in  a  state  of  rest,  and  which  was  proportional  to  p,  ought 
consequently,  in  a  state  of  motion,  to  be  proportional  only  to  ^  —  ^,  by 
virtue  of  this  first  cause.  I  call  it  first,  because  a  second  is  joined  to  this, 
to  diminish  the  pressure  of  the  water  upon  this  element.  In  reality  the 
body  escapes  horizontally  before  the  particles  which  are  in  contact  with 
this  element.  They  may  then  take,  as  they  actually  do  take,  the  velocity 
of  the  body.  Their  pressure  is  then  diminished  in  the  ratio  of  the  height 
due  to  this  velocity;  and,  taking  all  these  considerations  together,  the 
pressure  of  the  water  upon  the  element  abe  d  oi  the  posterior  face  of  the 
prism  which  moves  with  the  indicated  velocity,  should  be  equal  to 
Ka  (/?  —  2  A)  dp.  This  force  is  contrary  to  the  pressure  of  the  water  upon 
the  anterior  face  of  the  supposed  lamina ;  thus,  the  total  pressure  which 
the  water  exerts  upon  this  lamina  is  expressed  hj  ZKah  x  dp. 

''  K  this  formula  expresses  the  total  pressure  of  the  water  upon  the 
outline  of  an  elementary  lamina  of  the  prism,  it  is  not  the  complete  expres- 
sion of  what  is  called  the  resistance  of  the  water.  This,  as  M.  d^  Alembert 
says,  is  the  force  by  which  bodies  that  move  in  fluids  are  retarded  in  their 
motion.  The  supposed  lamina  experiences  from  the  foremost  to  the  after 
part  a  pressure  ^K  ah  dp,  which  opposes  its  motion,  and  which  must  be 
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overcome  by  the  moving  power;  but  if  this  prism^  after  having  acquired  its 
uniform  velocity  in  an  indefinite  fluid,  were  carried  by  its  motion,  and  by 
the  continued  action  of  the  same  moving  power,  into  a  canal  whose  breadth 
should  be  little  different  from  its  own,  if  this  body  were  forced  to  ad- 
vance in  this  canal,  would  its  acquired  velocity  remain  the  same,  although 
nothing  might  be  changed,  either  in  the  moving  power  or  in  the  number  of 
fluid  Knes  which  press  the  anterior  and  posterior  faces  of  each  lamina  ? 
It  is  seen  that  the  fluid  particles  placed  in  the  line  of  direction  of  the  body 
would  no  longer  be  able  to  move  in  this  new  position  to  escape  laterally,  as 
in  an  indefinite  fluid.     They  would  be  forced  to  escape  before  it  with  all 
the  velocity  that  it  could  take :  they  would  then  experience  greater  diffi- 
culty in  making  their  retreat,  and  would  contribute  to  retard  the  primitive 
motion  of  the  prism.    The  resistance  which  the  water  opposes  to  a  hori- 
zontal lamina  in  motion,  is  then  in  the  ratio,  not  only  of  the  force  which 
results  from  all  the  pressures  of  the  water  upon  its  outline,  but  also  from 
the  difficulty  with  which  the  anterior  fluid  makes  its  escape,  to  leave  a  free 
passage  for  the  body.    Let  us  develop  this  second  cause  of  retarding  the 
velodity  of  bodies  moved  in  a  fluid.     In  fig.  4,  let  the  line  m  n  be  drawn, 
which  indicates  both  the  direction  of  the  prism,  and  that  of  a  vertical  plain 
which  divides  this  body  equally  in  the  direction  of  its  length.     The  anterior 
fluid  which  opposes  the  motion  is  also  divided  by  this  plain  prolonged, 
into  two  fluid  masses,  which  are  equal  and  equally  disposed  with  regard  to 
the  two  halves  of  the  anterior  face  of  the  body.     Let  us  consider  a  particle 
placed  at  c.    The  body  which  tends  to  advance  into  the  space,  presses  it  to 
retreat  before  it ;  it  (the  particle)  then  presses  all  the  particles  which  imme- 
diately surround  it,  and  these  transmit  this  impulse  to  all  the  surrounding 
fluid.     This  pressure  extends  itself  successively,  and  is  communicated 
equally  in  as  many  directions  as  we  can  imagine  radii  drawn  from  the  point 
c,  as  a  centre,  to  the  various  points  of  the  semi-circle  btr.     Immediately, 
all  the  fluid  which  is  before  A  r  is  divided  equally  on  the  two  sides  of  the 
plain  which  passes  through  m n.     The  particles  which  are  in  the  angle ncr 
escape  in  as  many  directions  as  radii  can  be  drawn  from  the  point  c  to  the 
arc  tr,  o{ 90^,  and  the  mass  which  is  in  the  angle  tcb escapes  in  the  same 
way  to  the  left  of  the  body.     It  is  thus  that  all  the  fluid  is  arranged  and 
escapes,  to  leave  a  free  space  for  the  body,  which  an  external  power  obliges 
it  to  occupy.     If  the  number  of  directions  in  which  the  fluid  mass  enclosed 
in  the  angle  ncr,  tends  to  make  its  escape  were  not  so  great ;  if  each  particle 
such  as  c  could  transmit  the  impulse  which  it  receives  from  the  body,  upon 
only  a  smaller  number  of  radii  drawn  from  c  to  a  part  of  the  arc  /  r,  there 
would  be  fewer  particles  moved  in  the  same  time,  their  escape  would  be 
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slower,  and  the  body  would  experience  more  difficulty  in  running  through 
a  given  space.  Thus  the  force  which  retards  the  motion  of  a  lamina,  such 
as  that  which  has  been  considered  hitherto^  is  in  the  direct  ratio  of  the  total 
pressure  already  found,  and  in  the  inverse  ratio  of  the  number  of  directions 
in  which  the  fluid  that  it  pushes  up  can  make  its  retreat.  We  have  said 
that  the  fluid  which  is  before  this  lamina  must  be  divided  in  its  escape, 
into  two  fluid  masses ;  thus,  the  particles  which  touch  its  anterior  face,  being 
regarded  as  so  many  centres,  that  transmit  in  all  directions,  and  far,  the 
impulse  which  they  receive,  can  make  their  escape  in  as  many  directions  as 
one  can  imagine  radii  drawn  from  the  centre  c  to  the  arc  tr,  of  90°.  It 
must,  however,  be  remarked,  that  such  of  these  particles  as  are  placed  upon 
the  sides  b  and  r,  of  the  anterior  face  of  the  lamina,  have  more  facility  to 
escape  than  those  which  are  in  the  middle  of  this  face ;  but  it  results  there- 
from, that  the  vertical  fluid  columns  which  correspond  to  the  middle  of  the 
entire  face  of  the  prism  extend  farther  than  their  collaterals,  and  the  fluid 
which  cannot  escape  quickly  enough  at  the  sides,  in  lines  parallel  to  this 
face,  rises  and  spreads  upon  the  surface  of  the  water.  There  is  then  a  great 
diversity  in  the  escape  and  motion  of  the  particles  which  are  in  contact 
with  the  anterior  face  of  the  supposed  lamina;  but  all  considered  and 
weighed,  if  we  take  a  mean  between  all  these  varied  eflFects,  we  shall  con- 
clude from  them,  that  the  resistance  opposed  by  the  water  to  the  elementary 
lamina  of  the  supposed  prism  is  well  enough  expressed  by  the  relations 
indicated  before.  It  ought  then  to  be  represented  here  as  proportional  to 
the  quantity  — — — ^,  and,  consequently,  the  total  resistance  expeiienced 
by  the  united  laminee  which  compose  the  prism  ought  to  be  expressed  by 

"  Let  us  now  consider  how  the  water  resists  prismatic  bodies  when  their 
anterior  face  is  covered  with  a  bow  composed  of  two  vertical  plains,  which 
together  form  a  greater  or  less  plain  angle.  These  plains  are  placed  with 
regard  to  the  base  of  these  prisms,  as  the  lines  tr  and  t  b  with  regard  to  ft  r 
(fig.  4) .  The  lines  t  r  and  t  b  ajre  equal,  the  angle  ^  c  r  is  always  right,  and 
the  angles  trc  and  tbr  are  variable.     The  diflFerent  magnitudes  of  these 

*  This  integral  must  be  integrated  between  the  limits  p  »  the  whole  depth  of  the 
body  and  p  ^h.  After  this  we  must  integrate  the  following  —-/•«  (/>+*)  dp  between 
the  limits  p  ^  k  and  p^  —  h.  If  we  put  c  for  the  depth  of  the  prism,  we  shall  have,  for 
the  whole  resistance,  both  positive  and  negative — 
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according  to  the  principles  investigated  by  Bomme. 
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last,  alter  the  angle  of  incidence  of  the  water  upon  the  vertical  plains,  or 
upon  the  faces  of  the  bow  of  these  prisms.  We  will  here  suppose  that  the 
posterior  &ces  of  these  prisms  remain  such  as  they  have  been  already  con- 
sidered, and  remark  that  the  figure  biros  ih  that  of  each  horizontal  section 
of  these  new  prisms. 

''  Let  us  now  seek  the  proximate  expression  of  the  resistance  experienced 
by  an  infinitely  thin  and  horizontal  lamina  of  one  of  these  prisms,  supposing 
that  the  base  of  it,  which  is  the  section  btros,  moves  directly  in  the  line  m  n. 

*^  This  expression  ought  to  be  determined,  so  that,  being  given,  the  resist- 
ance experienced  by  a  lamina  of  a  prism  whose  base  is  i  r  o  «,  we  may  conclude 
therefrom  the  resistance  upon  this  lamina  covered  with  an  angular  bow 
and  whose  base  is  the  section  btros,*  For  if  it  can  become  of  any  use,  it 
ought  especially  to  serve  to  compare  resistances  and  to  fix  their  relations 
and  that  of  their  variations ;  when  it  shall  have  been  rendered  general,  it 
ought  to  show  the  relation  which  exists  between  the  resistance  that  would 
be  experienced  by  the  midship  section  if  it  were  exposed  immediately  to 
the  shock  of  the  water,  and  that  which  this  same  section  would  experience, 
if  it  were  covered  with  a  bow  and  a  stem  either  angular  or  curvilinear.  It 
is  this  interesting  relation  which,  being  well  known,  can  alone  accelerate 
the  progress  of  the  art,  since  it  is  suited  to  point  out  the  forms  most  advan- 
tageous to  the  speed  of  ships. 

''  Let  us  return  to  the  supposed  prism.  When  it  is  at  rest,  the  pressure 
of  the  water  upon  btin  the  direction  perpendicular  to  6  c,  is  equal  to  that 
which  b  c  would  experience  immediately.  Let  A  c  be  represented  by  -^ ;  when 
the  body  is  in  motion,  with  a  velocity  due  to  the  height  h,i£  be  struck  the 
fluid  immediately,  the  pressure  which  the  water  would  exert  upon  this  side 
would  be  proportional  to  {p  +  h),  but  that  which  b  t  experiences  is  not  so 
great.  In  effect,  let  tis  resolve  the  motion  oi  bt  in  the  direction  mn, 
into  two  others,  the  one  perpendicular  to  this  side,  the  other  parallel ;  b  t 
pushes  up  the  fluid  in  the  ratio  of  the  first  velocity,  and  it  slides  in  the 
water  only  in  the  ratio  of  the  last.  Since  the  velocity,  in  the  direction 
m  n,  is  due  to  the  height  h,  and  if  « is  equal  to  the  angle  of  incidence  of  the 
water  upon  b  t,  the  velocity  perpendicular  to  i  ^  is  due  to  the  height  h  sin*  t. 
Then  the  pressure  of  water  upon  btin  motion  is  proportional  to  (/?  +  A  sin*  t) . 
The  fluid  which  t  r  pushes  up  acts  with  the  same  force,  since  the  circumstances 
and  the  forms  are  the  same ;  then  the  pressure  upon  the  two  anterior  faces 
of  the  elementary  lamina  of  the  supposed  prism,  \a  Ka  {p  ^-h  sin*  e)  dp, 

*  The  expression  ought  to  be  determined,  so  that  the  resistance  experienced  by  a 
lamina  of  a  prism,  whose  base  i&hros,  may  be  inferred  from  the  resistance  upon  the 
lamina  covered  with  an  angular  bow  whose  base  is  the  section  btros* 
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seeing  that  the  posterior  face  has  undergone  no  alteration  in  its  form^  rela- 
tively to  the  shock  of  the  water^  the  pressure  upon  this  face  will  be  as 
before,  Ka  {p  —  2h)  dp.  Thus  the  pressure  of  the  water  upon  the  whole 
lamina  is  expressed  by  JTa  A  ( 2  +  rin^  i)  dp, 

'^  The  resistance  which  retards  this  lamina,  in  the  motion  which  a  weight 
tends  to  communicate  to  it,  depends,  as  we  have  already  demonstrated,  not 
only  on  the  magnitude  of  the  pressure  already  found,  but  also  on  the  greater 
or  less  facility  with  which  the  particles  pushed  up  retire  from  before  the 
body.  The  expression  of  this  resistance  being  required  to  be  used  in  com- 
paring those  which  both  b  c  and  b  t  experience,  let  us  imagine  the  anterior 
fluid  divided  into  fluid  threads,  parallel  to  m  n,  and  then  the  threads  corre- 
sponding to  &  ^  or  i  c  are  the  same  in  number.  If  now,  we  remember  that 
the  fluid  mass,  comprised  in  the  angle  neb  has  a  facility  to  escape  laterally 
in  proportion  to  the  number  of  directions  or  of  radii  which  can  be  drawn, 
from  the  point  c  in  the  angle  icn,  we  shall  conclude  therefrom  that  the 
fluid  mass  enclosed  in  the  angle  ntb  i%  greater;  for  the  fluid  particle 
which  is  at  t  being  pressed  by  the  body  which  advances,  presses,  in  its 
turn,  all  the  surrounding  particles  which  may  escape  in  all  the  directions 
that  we  can  imagine  between  the  lines  t  n  and  t  b.  The  facility  of  the 
escape  of  this  fluid  mass  pushed  up  by  ^  i  is  then  in  the  ratio  of  the  magni- 
tude of  i  /  n  or  of  (180° — i).  Then  the  resistance  which  the  water  opposes 
to  the  elementary  lamina  of  the  prism  is  expressed  by  ■^^.  (2  +  sin«  t)  dp ; 
and,  finally,  the  total  resistance  experienced  by  all  the  united  laminae  of  a 
prism  terminated  by  an  angular  bow,  is  expressed  in  a  very  proximate 

manner  by  — is^izT"^  °  ^P'*  ^^®  ^^  *^**  ^  *^®  angle  of  incidence 
were  right,  if  the  angular  bow  disappeared,  and  if  the  prism  were  reduced 
to  the  state  in  which  we  have  considered  it  above,  the  expression  of  the 
resistance  would  become  -^/adp;  that  is  to  say,  such  as  that  which  has 
been  found." 

Hitherto  the  reasoning  has  had  reference  only  to  bodies  terminated  by 
right  lines.  The  formula  was  applied  to  the  results  of  a  great  number  of 
experiments  which  had  been  performed  by  the  Abb^  Bossut,  upon  bodies 
with  plain  angular  bows,  on  which  the  angle  of  incidence  varied  from  84° 
to  6° ;  and  the  results  of  calculation,  by  which  the  velocities  under  the 
variations  of  form  were  changed,  were  in  all  cases  so  near  to  the  facts,  as 
to  satisfy  the  commission,  appointed  by  the  academy  of  sciences  to  consi- 
der them. 


^  The  same  remarks  in  note  p.  Iviii,  with  respect  to  the  limits  of  the  integral,  will  apply 
lo  this  integral. 
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With  prindplea  thus  expanded  and  so  applied,  the  application  of  the 
formnla  to  curved  surfiGu^es  was  evidently  practicable,  though  it  would  be 
something  more  complicated.  ''In  order,  therefore/'  M.  Romme  says, 
"  to  proceed  with  the  greatest  order,  let  us  first  consider  the  resistance 
which  the  water  opposes  to  a  body  which  is  the  least  unlike,  in  its  form, 
the  bodies  already  examined ;  I  wish  to  speak  of  prisms  which  have  a 
semi-cylindrical  bow.    The  section  of  the  half  cylinder  jy^.  5. 

is  btr,  fig.  6.    Let  us  decompose  the  arc  bty  of  90^ 
into  small  rectilineal  elements,  the  pressure  of  the  water  l 

upon  each  of  these  elements,  in  motion,  and  regarded 
as  isolated,  would  be  proportional  to  {p-V^  sin*  i),  the 
preceding  denominations  being  preserved,  and  regard 
being  had  to  the  considerations  which  have  elsewhere 
led  us  to  similar  results;  t  is  the  angle  which  each 
element  forms  with  mn,  and  which  is  the  supposed 
direction  of  the  motion  of  the  body.  This  angle  varies 
for  each  of  these  elements.  It  is  zero  at  6,  and  it  is  equal  to  90^  at  t.  Its 
value  at  each  intermediate  point  of  i  ^  is  measured  by  the  arc  comprised 
between  the  point  under  consideration  and  the  extremity  b.  Thus  the  arc 
b  t  being  divided  into  equal  elements,  the  angles  i,  which  correspond  to 
them,  ought  to  increase  from  i  to  /,  according  to  the  natural  progression 
of  numbers.  The  fluid  particles  which  are  in  contact  with  b  t,  are  then 
pushed  up  differently  by  these  several  elements.  The  facihty  of  their 
retreat  should  then  vary  at  each  point  of  this  outline :  but  does  each  of 
these  particles  in  particular  obey  these  different  pressures,  and  can  they 
make  their  escape  in  divergent  directions  ?  Ought  we  not  to  presume  that 
these  particles,  being  contiguous,  transmit  their  different  pressmes  at  the 
same  moment?  that  these  pressures  unite  together  to  form  one  mean 
pressure,  by  which  all  the  surrounding  fluid  mass  is  forced  to  escape 
without  dividing  itself  ?  That  in  this  mass,  the  parts  which  would  be  placed 
so  as  to  obtain  a  more  easy  escape,  share  with  their  coUaterab  whidi 
touch  them,  without  discontinuity,  greater  difficulty  than  these  ought  to 
experience  in  their  escape,  owing  to  their  less  advantageous  position  ?  And, 
consequently,  may  we  not  think  that  these  reciprocal  communications, 
which  appear  to  be  established  with  so  much  reason,  on  the  great  mobility 
of  fluid,  extending  themselves  suddenly  one  after  another,  all  the  sur- 
rounding fluid  mass  ought  to  make  its  retreat  as  if  it  had  been  struck  under 
an  angle  ot  incidence,  which  should  be  the  mean  between  all  those  which 
correspond  to  the  several  elements  of  the  bow  of  the  body  ? 

"  A  prism  put  under  experiment  b}'  the  Abbd  Bossut  had  a  plain  anterior 
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surface^  whose  form  was  a  parallelogram.  Its  breadth  was  19  inches  8  lines, 
and  it  was  tried  at  successive  draughts  of  water,  of  7  inches  10  lines,  12 
inches  5^  lines^  and  15  inches  10  lines.  This  face  was  covered  with  a  semi- 
cylindrical  bow ;  it  had  before  received  an  angular  bow^  formed  by  two 
vertical  plains,  which  made  together,  as  the  lines  b  t  and  /  r,  an  angle  of 
90°  (fig.  4) ;  these  lines  were  thus  the  chords  of  the  section  of  the  half- 
cylinder,  and  each  of  them  subtended  an  arc  of  90°.  If  we  take  a  mean 
between  all  the  angles  of  incidence  of  the  water  upon  each  element  of  the  arc 
6 1  (fig.  6),  when  the  body  is  moving  from  m  to  n,  we  find  that  it  is  45^, 
because  of  the  uniform  and  continued  increase  of  these  angles  from  6  to  /. 
Let  us  now  remark  that  the  angle  of  incidence  upon  the  chord  b  t,  or  upon 
the  faces  of  the  angular  bow,  is  also  45^  ;  thus  making  use  of  the  formula 
which  represents  the  resistance  of  the  water  upon  the  angular  bow ;  to 
express  also  the  resistance  experienced  by  the  same  prism  covered  with  a 
semi-cylindrical  bow,  these  two  resistances  ought  to  be  obviously  equal, 
and  this  relation  is  that  which  experiment  has  made  known.  Moreover, 
if  we  calculate  the  duration  of  the  movement  of  the  prism  covered  with  its 
curved  bow,  by  the  formula  ^  135"°  f^^Py  which  agrees  with  its 
form,  we  find  that  the  time  ought  to  be  10*81  half-seconds,  and  this  time 
was  observed  10*84.  The  body  being  put  at  another  draught  of  water,  ran 
through  E  in  11*6,  and  calculation  gives  12. 

"  This  equality  of  resistance  upon  two  bows,  so  different  in  form  and 
volume,  as  the  half-cylinder  and  the  triangular  prism,  which  successively 
covered  the  anterior  face  of  the  prism,  leads  to  consequences  as  direct  as 
they  are  interesting,  upon  the  relation  of  the  capacity  of  the  bow  of  a  ship 
to  the  property  of  sailing  well.  It  foreshows  that  the  first  may  be  varied 
considerably  without  injuring  the  second;  but  the  analogy  is  not  great 
enough  between  these  bodies  and  sea-going  ships  to  give  us  all  the  con- 
fidence that  is  necessary  in  these  premature  conclusions,  and  our  considera- 
tions must  be  extended  to  bodies  less  different  from  ships. 

"  Hitherto  we  have  considered  bodies  whose  after  parts  were  formed  with 
plain  faces,  to  which  the  direction  of  the  motion  was 
perpendicular.     Let  us  now  imagine  that  a  prism  is                 Fig.  1. 
formed  with  an  angular  bow  and  an  angiQar  stern,                      « 
and  that  its  horizontal  sections  are  represented  by                 / 1  \. 
snum  (fig  7).     Suppose  it  to  be  divided  into  an  / 1 

■*'\  I  y^  law 

infinity  of  horizontal  laminae,  whose  very  small  height  \  / 

is  dp  :  the  pressure  upon  the  anterior  part  n%moi  \l/ 

such  a  section,  when  the  motion  is  directed  accord- 
ing to  u%y  has  already  been  found  from  Ka  {p  -{■  h  sin'  i) ;   it  remains 
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then  to  find  the  pressure  of  water  upon  the  angular  stern  n  u  m  o{ 
this  same  section.  It  is  different  from  that  which  the  line  mn  would 
experience  directly.  In  feet,  let  us  consider,  as  before,  the  whole  fluid 
mass  which  envelops  the  after  part  of  the  body  when  it  is  at  rest.  Equili- 
brium then  prevalb  between  all  the  moveable  parts  of  this  mass,  but  it  is 
disturbed  as  soon  as  the  body  acquires  a  velocity  due  to  a  height  h.  For 
example^  the  particles  which  enveloped  the  parts  near  the  water-line,  at 
the  stem  of  the  body,  cannot  all  foUow  in  its  course ;  those  whose  depth 
below  the  level  of  the  water  is  less  than  the  quantity  A,  can  take  such 
velocity  only  as  is  due  to  their  depth ;  thus,  they  remain  necessarily  in  the 
rear  of  the  body,  and  it  becomes  in  this  part  a  diminution  h  of  the  surface 
of  the  fluid,  below  the  general  level  of  the  distant  and  tranquil  fluid.  The 
pressure  of  the  inferior  particles  is  then  diminished  by  a  quantity  propor- 
tional to  the  quantity  h;  it  is  then,  in  consequence  of  this  first  cause,  no 
longer  proportional  to  more  than  p  —  h.  A  second  cause  is  joined  to  this 
first,  to  diminish  the  pressure  of  the  water  upon  the  after  part  of  this 
section ;  in  effect,  let  c bam  (fig.  8)  be  a  half  section  of  a  jj».  « 
body  which  is  moved  in  the  direction  c  m,  and  which  is  ter-  - 

minated  abaft  by  two  vertical  plains,  each  of  which  is  inclined  i/]    a 

to  the  direction  of  the  motion,  as  c &  is  to  cm.  Let  cb  am  ^Q^' 
be  the  place  of  this  section  in  space  in  one  instant,  and 
BAst  that  which  it  occupies  in  the  following  instant.  The 
side  r  6  of  the  afte^r  part  is  thus  transported  to  B  A,  and  its 
direct  motion  on  being  decomposed  into  two,  the  one,  i  n,  \  \ 
parallel  to  this  side,  and  the  other,  o  f,  which  is  perpendicular 
to  it,  the  fluid,  which  was  in  contact  with  be  in  the  first  instant,  follows 
this  side  in  its  motion,  by  taking  the  shortest  course  o  i,  and  its  velocity 
which  is  then  represented  by  o  i,  is  due  to  a  height  h  sin*  b;  bis  the  angle 
bcmot  this  side,  with  the  direction  cm  of  the  course  of  this  section.  The 
pressure  of  water  upon  the  after  part  c  b,  is  then  diminished  again  by  a 
quantity  proportional  to  the  height  h  sin*  b.  Thus,  returning  to  the 
elementary  and  horizontal  lamina  of  the  body  whose  section  is  snum, 
fig.  7,  and  putting  together  all  the  pressures  which  the  water  exerts  upon 
the  bow,  as  well  as  upon  the  stern  of  this  lamina,  regard  being  had, 
besides,  to  the  facility  of  the  fluid^s  escape,  we  find  that  the  water  opposes 

to  this  isolated  lamina  a  resistance  which  is  expressod  in  the  nearest  man- 
ner bv  -S'fl  ^  ^i' (^ -^  "p' « -^  s'p^  ^)  » 

180  — f 

If  the  angle  i  is  equal  to  the  angle  b,  then  the  total  resistance  upon  a 
lamina  ^vill  be  proximately  expressed  by  /LlM^^tA^lBLO^^,  and  th« 

total  resistance  of  the  water  upon  the  whole  body,  by Vso--^"     f^  ^^' 
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Amongst  the  various  experiments  by  which  the  formula  was  tried^  the 
most  remarkable^  perhaps  the  most  important,  were  those  made  with  8 
model  of  a  ship  of  the  Une^  constructed  on  the  scale  of  one  inch  to  a  foot, 
whose  entire  outline  was  perfectly  conformable  to  that  of  the  ship ; — ^with 
a  model  whose  principal  dimensions,  with  the  area  and  form  of  the  midship 
section  were  the  same,  but  whose  water-lines  were  all  formed  of  right  lines 
drawn  from  the  stem  and  stempost  respectively  to  points  on  the  outline  of 
the  midship  section,  and  which  were,  therefore,  the  chords  of  the  curvilinear 
water-lines  in  the  perfect  model ; — and  also  a  prism  whose  base  had  the 
same  area  and  form  as  the  midship  section  of  the  models. 

Regarding  the  two  models,  which  M.  Bomme  calls  perfect  and  altered, 
he  says,  ''  it  would  be  difficult  to  imagine  that  there  could  be  any  equality 
in  the  speed  of  these  two  models :  nevertheless,  experiment  has  demon- 
strated that  in  putting  each  of  these  models  at  a  draught  of  water  of  nine- 
teen inches,  which  corresponds  to  nineteen  feet  in  the  original,  as  well  as 
at  a  draught  of  water  of  fourteen  and  sixteen  inches,  the  water  opposes  to 
each  an  equal  resistance  in  the  same  circumstances,  in  spite  of  the  dissimi- 
larity of  their  forms,  and  the  enormous  difference  of  their  capacity/^ 

The  prism,  whose  base  was  that  of  the  midship  section  of  the  model 
already  mentioned,  was  fourteen  feet  long ;  and  its  use  was  to  determine 
the  resistance  opposed  to  a  model  with  plain  anterior  and  posterior  faces 
which  formed  a  right  angle  with  the  Une  of  its  motion,  in  relation  to  the 
resistance  opposed  to  a  body  with  the  same  area  and  form  of  greatest 
transverse  section  with  the  bow  and  stern  on  which  the  water  would  strike 
obliquely.  '^  The  expression  of  the  resistance  which  the  water  opposes  to 
this  prism  is  -55-/  ^  ^P-  Let  us  now  seek  that  experienced  by  the  exact 
model  of  the  lUustre,  The  water-lines  of  this  ship  are  regular  and  con- 
tinued ;  thus,  as  we  wish  to  find  only  the  proximate  expression  of  the 
resistance  which  the  water  opposes  to  this  model,  it  is  necessary  to  calculate 
the  angle  formed  by  the  direction  of  the  keel,  and  by  the  chord  from  the 
anterior  part  of  each  water-line ;  to  take,  afterwards,  a  mean  between  all 
these  angles,  and  so  we  shall  have  the  mean  measure  of  the  angle  i,  which 
must  be  employed  in  the  compound  formula.  We  shall  calculate  in  the 
same  manner,  the  mean  angle  i,  corresponding  to  the  after  part  of  the 
model ;  and,  as  the  sine^  b  does  not  differ  considerably  from  sine^  i,  mo 
shall  regard  them  as  equal,  and  the  expression  of  the  resistance  which  tlie 
water  opposes  to  the  perfect  model  of  a  ship  of  the  line,  will  be 
LMSL±JJ^II  f  a  d  p.''    As  the   rectilineal  water-lines  of  the  altered 

ISO  —  t       t/ 

model  presented  to  the  water  the  same  mean  angle  of  incidence  as  the 
mean  of  all  the  chords  of  the  elementary  arcs  of  the  perfect  model  pre^ 


> 
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Bented,  the  expression  for  the  total  resistance  of  the  models  was  the  same. 
And  it  has  been  noticed,  that  their  actual  velocities,  under  like  circum- 
stances, were  equal, 

"  The  prism  of  which  I  have  spoken,  being  put  in  motion,  opposed 
directly  to  the  shock  of  the  water  a  face  equal  and  similar  to  the  midship 
section  of  each  model.  When  its  draught  of  water  was  nineteen  inches, 
it  ran  through  the  space  E,  of  seventy-five  feet  in  36*5' :  the  perfect 
model,  at  the  same  draught  of  water,  and  acted  on  by  the  same  moving 
weight,  ran  through  the  same  space  in  IG'^.  The  resistances  of  these  two 
bodies  ought  to  be  equal,  since  the  moving  weights  were  the  same ; — ^thus, 
there  ought  to  be  equality  between  the  formulae  which  represent  them,  and 
and  which  are,  for  the  prism  /a  dp,  and  for  the  perfect  model 

^JLiLlA^^fa  dp.  We  have  then,  /i  (180  — t)  =  30  J?(l  +  28in«f). 
If  now,  we  take  for  a  basis  the  36*5'  which  are  the  duration  of  the  motion 
of  the  prism  over  the  space  £ ;  if  we  afterwards  set  up  upon  the  plan  of 
the  Ittustre  all  the  ordinates  of  the  midship  section  divided  into  laminae 
of  two  feet  high,  and  measure  the  distance  from  this  section  to  the  stem ; 
if  we  then  calculate  all  these  angles  i  corresponding  to  each  lamina^  we 
shall  find  that  the  angle  which  constitutes  the  mean  between  all  these 
angles  i,  which  vary  from  11°  9'  to  16®  33',  is  14°  41'.  These  values  being 
substituted  in  the  preceding  equation,  calculation  shows  that  the  time  of 
the  model's  motion  over  the  space  jB,  ought  to  have  been  16*31';  and  this 
is  very  nearly  that  which  has  been  really  observed. 

''The  prism  and  the  exact  model  have  also  been  put  to  a  draught  of 
water  of  fourteen  inches.  In  this  state,  the  first  ran  through  E  in  30*1', 
and  the  exact  model  ran  through  it  in  13*6'.  K  we  repeat  here  the  opera- 
tions indicated  before  for  the  draught  of  water  of  nineteen  inches,  the 
mean  angle  i  will  be  found  to  be  13°  58';  and  the  time  of  the  motion 
calculated  by  this  formula  is  then  13*53", — ^a  quantity  which  differs  but 
little  from  observation.  We  see  here,  that  a  difference  of  five  inches  in 
the  draught  of  water  establishes,  between  the  bodies  of  the  perfect  model 
in  these  two  states,  a  very  considerable  dissimilarity  of  form ;  nevertheless, 
the  agreement  of  the  theory  and  experiment  is  supported  in  these  com- 
parisons; and  the  formula  might  have  served  to  foreshow  the  duration  of 
the  motion  of  this  model.  Let  us  again  examine  the  results  which  it  gives 
when  the  after  part  of  this  perfect  model  is  covered  with  a  prism  which  has 
for  its  base  its  midship  section.  The  duration  of  the  movement  of  this 
body  thus  transformed  changes  in  magnitude.  When  it  was  at  19  inches 
draught  of  water,  this  model,  with  its  prismatic  after  part,  ran  through  E 
in  22'48'.    The  resistance  which  it  experiences  in  this  state,  ought,  accord- 
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ing  to  the  preceding  principles^  to  be  expressed  by j   '*'  T"    7  a  dp; 

tbus,  by  substituting  in  this  formula  the  data  which  agree  with  this  draught 
of  water^  and  forming  a  relation  of  equality  between  this  resistance  and 
that  whiclbL  the  prism  experiences  when  it  is  put  in  motion  by  the  same 
moving  weight,  we  have  30  IT  (2  +  sin*  i)  =  A  (180  —  i):  and  the  dura- 
tion of  the  motion  resulting  from  calculation  is  22*34'.  This  model 
transformed,  being  at  fourteen  inches  draught  of  water,  was  also  put  under 
experiment,  and  moved  by  the  same  weight  which  made  the  prism  run 
through  E  in  30' 1'';  the  duration  of  its  motion  was  observed  to  be  19*2' ; 
and  calculation  gives  18-4". 

"  These  last  experiments,  and  the  formula  which  happily  enough  explains 
them,  demonstrate  a  phenomenon  truly  new ;  it  is  the  influence  of  the 
form  of  the  after  part  of  a  body  upon  the  magnitude  of  the  resistance 
which  the  water  opposes  in  its  motion.  This  discovery  is  so  much  the 
more  interesting,  as  it  is  extremely  essential  for  nautical  men  to  know  how 
the  water  acts  upon  the  after  part  of  a  ship ;  how  it  alters  its  speed,  and 
the  eflFect  of  the  rudder/' 

It  would  have  been  hardly  fair  to  the  eminent  author  under  considera- 
tion, to  have  epitomised  the  arguments  which  he  used  in  demonstrating 
his  proposition.  It  has  not,  however,  seemed  necessary  to  quote  more  of  the 
experiments  by  which  he  put  his  formula  to  the  test  than  sufficed  to  illus- 
trate its  use.  The  Royal  Academy  of  Sciences  twice  appointed  a  Com- 
mission to  consider  the  memoires  which  M.  Romme  presented  on  this 
subject.  The  members  forming  this  commission  were  of  the  first  eminence 
in  the  science  they  had  to  consider :  the  chevalier  de  Borda,  M.  de  Bory, 
and  the  Abb^  Bossut.  The  consideration  of  M.  Romme's  labours  may  be 
closed  by  some  passages  from  their  second  report  to  the  Academy  in  1785, 
upon  his  second  m^moire :  for,  although  in  the  "  Art  de  la  Marine  '^  the 
science  of  naval  architecture  is  treated  of  generally,  yet  it  is  the  first 
chapter,  on  the  resistance  of  fluids,  that  gives  a  character  to  the  work. 

"  It  is  two  years  ago  that  M.  Romme  presented  a  m^moire  on  the 
resistance  of  fluids,  which  has  attracted  the  attention  of  the  academy. 
The  author  concluded  from  some  experiments  reported  in  that  m^moire, 
that  the  resistance  of  the  water  upon  the  bow  of  a  ship  depended  very 
little  on  the  form  of  that  bow,  and  that  it  was  always  almost  the  same, 
whatever  might  be  that  form,  provided  the  midship  section  of  the  ship 
were  not  altered.  The  commissioners  named  by  the  academy  found  that 
this  result,  both  singular  and  very  different  from  all  that  had  been  hitherto 
believed  on  the  resistances  of  fluids,  required  to  be  confirmed  by  experi- 
ments made  on  a  little  larger  scale ;  and  it  is  in  conformity  to  their  views 
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that  the  author  haa  made  those  of  vhicli  we  are  going  to  give  an  ac* 
count. 

''M.  Bomme  thought  that^  in  order  the  better  to  accomplish  the  object 
which  be  proposed^  it  was  proper  to  compare  two  bows^  very  different  one 
from  the  other,  and  which  should  be,  so  to  say,  the  extremes  in  con- 
struction. He  had  two  bodies  made  for  this  purpose  by  select  workmen 
at  the  port  of  Bochefort,  the  first  of  which  was  an  exact  model  of  the 
IBustre,  a  74-gun  ship,  on  a  scale  of  one  inch  to  a  foot.  This  model  was 
about  fourteen  feet  long,  and  three  feet  eight  inches  in  its  greatest  breadth. 
The  second  had  the  same  midship  section,  the  same  stem,  and  the  same 
stempost,  but  its  bow  was  formed  by  right  lines  drawn  from  the  midship 
section  to  different  points  in  the  stempost  and  in  the  stem;  thus  the 
forms  of  these  two  models  differed  much  more  from  each  other  than  any 
ship  differs  from  another, 

''  M.  Bomme  has  compared  the  resistances  of  these  two  models  at  dif- 
ferent velocities  and  at  different  draughts  of  water.  He  made  these  experi- 
ments in  a  canal  forty  feet  broad,  and  from  seven  to  eight  feet  deep. 

"  The  result  of  these  first  experiments  was,  that  the  two  models,  at  an 
equal  draught  of  water,  and  moved  by  the  same  weights,  always  experienced 
the  same  resistance.  M.  Bomme  found  again,  that  in  drawing  successively, 
first  by  the  stem,  and  afterwards  by  the  stempost,  that  model  whose  surface 
was  formed  by  right  lines,  the  resistance  was  the  same.  Finally,  having 
cut  the  two  models  into  two  equal  parts,  and  having  joined  the  fore  part 
of  the  first  to  the  after  part  of  the  second,  and  the  fore  part  of  the  second 
to  the  after  part  of  the  first,  the  two  bodies  always  ran  through  their  space 
of  seventy-five  feet  in  the  same  number  of  seconds^  whether  the  movement 
was  made  by  the  stem  or  the  stempost. 

"  It  appears  natural  to  conclude  from  these  experiments,  that  the  form 
of  the  bows  of  ships  does  not  mucb  influence  the  resistance  which  they 
experience  in  passing  through  the  water.  Several  objections  may,  however, 
be  made  to  that  conclusion. 

'^  First,  the  experiments  made  by  M.  Bomme  might  appear  to  be  wanting 
in  precision,  because  the  duration  of  each  observation  being  sufficiently 
short,  a  small  error  of  the  measured  time  gives  a  large  enough  error  in  the 
resistance.  In  the  smallest  velocities,  the  bodies  ran  through  their  space 
in  27"  only,  and  in  the  greatest  velocities,  they  employed  only  15"  in  running 
through  it, — ^and  even  from  13"  to  14",  when  the  bodies  were  at  their 
least  draught  of  water.  It  is  certain  that  the  smallest  errors  committed 
in  these  observations  might  greatly  affect  the  results ;  and  it  might  have 
been  desired  that  M.  Bomme  should  have  made  his  experiments  with  the 
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smallest  velocities^  or  that  he  should  have  remedied  the  defect  of  the  short 
duration  of  the  ohservations  hj  some  proper  means.  Nevertheless,  as  his 
experiments  were  often  repeated^  and  as  their  mean  result  always  gave 
equal  resistances^  as  besides^  experiments  have  been  made  on  bodies  of  verjr 
different  form,  and  as  we  limit  ourselves  to  infer  the  equality  of  resistance 
between  bodies  such  as  our  ships,  which  differ  little  from  each  other,  it 
appears  right  to  say  that  the  experiments  of  M.  Romme  have  proved  the 
proposition  which  he  had  advanced. 

*'  It  may  be  again  objected,  that  it  is  possible  the  two  figures  which 
M.  Romme  has  compared,  have  experienced  the  same  resistance,  only 
because  they  were  equally  defective,  the  one  being  too  sharp  and  the  other 
too  obtuse;  and  that,  perhaps,  two  other  figures,  less  dissimilar,  would 
have  experienced  resistances  different  from  each  other.  But  it  must  be 
confessed  that  this  would  be  the  effect  of  a  rather  extraordinary  chance, 
the  more  so,  as  the  experiments  were  made  at  three  different  draughts  of 
water,  the  first  at  nineteen  inches,  the  second  at  sixteen  inches,  and  the 
third  at  fourteen  inches,  and,  consequently,  the  comparison  has  been  really 
established  between  three  different  sorts  of  bodies.  Besides,  it  must  also 
be  said  that  the  same  chance  has  taken  place  in  an  experiment  reported 
in  the  memoires  of  the  academy  in  the  year  1767,  page  502,  where  it  is 
seen  that  a  prismatic  body,  terminated  at  one  end  by  two  plains  and  at 
the  other  by  two  curves,  experienced  the  same  resistance,  whether  it  was 
moved  by  one  end,  or  by  the  other ;  finally,  there  is  found  in  the  work  of 
Chapman,  the  celebrated  Swedish  constructor,  an  experiment  which 
gives  the  same  result.  A  solid  of  revolution,  conical  at  one  end,  and 
parabolic  at  the  other,  experienced  the  same  resistance,  by  whichever  end 
it  was  moved. 

"  The  last  objection  that  can  be  made  to  M.  Bomme,  and  which  appears 
the  most  important,  is  drawn  from  experiments  made  on  a  large  scale ;  I 
would  say,  of  those  which  are  daily  experienced  at  sea.  In  truth,  it 
appears  to  be  generally  recognized,  that  the  simple  transport  of  weights, 
firom  one  end  of  the  ship  to  the  other,  is  sometimes  enough  to  produce  a 
sensible  difference  in  her  velocity.  Now,  this  transport  does  nothing  else 
than  increase  or  diminish  the  draught  of  water  forward  or  abaft.  The 
form  of  the  midship-section  remains  the  same.  How  can  it  be,  that  the 
small  variation  which  the  figure  of  the  bow  then  experiences,  should  pro- 
duce a  marked  effect  on  the  velocity,  and  that  differences  as  considerable 
as  those  of  the  two  models  compared  by  M.  Bomme,  should  produce  none  ? 
We  confess  that  it  is  not  possible  to  us  to  reconcile  these  two  things.  It 
may  perhaps  be  replied  in  favour  of  M.  Bomme,  that  none  of  the  theories 
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that  haye  been  conceived  on  the  resistance  of  fluids^  account  for  the  fact  that 
hasjnst  been  cited^  and  that  in  calculating^  according  to  these  theories^  the 
change  of  resistance  which  the  ship  experiences  when  the  incUnation  by 
the  bow  or  the  stem  is  increased  only  by  some  inches,  extremely  small 
difPerences  are  always  found,  which  would  make  it  believed  that  the  differ- 
ence in  the  trim  of  a  ship  is  perhaps  attributed  to  what  results  from  every 
other  cause ;  as,  for  example,  that  by  the  new  incUnation  of  the  masts,  the 
sails  take  a  different  position  in  relation  to  the  wind,  and  are  trimmed 
more  or  less  advantageously,  or  perhaps  that  the  fore  and  after  sails,  being 
then  better  balanced,  and  being  more  in  equilibrium  with  the  resultant  of 
the  shock  of  the  water  on  the  body,  there  is  no  more  need  to  keep  the  ship 
in  her  durection  by  the  action  of  the  rudder,  which  always  retards  the 
speed.  We  should  not  dare  to  say  that  these  are  the  true  reasons  of  the 
change  in  ships'  velocity,  caused  by  the  difference  of  their  trim,  but  we 
should  be  very  much  inclined  to  believe  it. 

^'  We  conclude,  from  the  examination  that  we  have  just  made  of  the 
experiments  of  M.  Romme,  that,  if  it  is  not  exactly  true  that  the  form  of 
the  bows  of  ships  does  not  much  affect  the  resistance  which  they  expe- 
rience by  the  shock  of  the  water,  it  is  at  least  very  probable  that  the  bows 
may  vary  a  good  deal,  the  midship  section  remaining  always  the  same, 
without  the  resistance  being  perceptibly  altered.  Great  obligations  are 
due  to  M.  Romme  for  having  proved,  by  experiment,  this  truth, — ^which  is 
of  the  greatest  importance  to  the  art  of  construction,  and  which  may  con- 
tribute much  to  its  perfection/' 

In  comparing  the  velocity  of  a  rigid  body  moving  in  a  resisting  me- 
dium with  the  force  of  resistance  to  which  the  body  is  subject,  one  ele- 
ment of  considerable  importance  has  been  omitted  by  writers  on  the 
theoiy  of  resistances ;  the  element  here  alluded  to  is  the  inertia  of  the 
mass  of  matter  moved. 

A  little  consideration  will  suffice  to  show,  that  the  inertia  consists  of  two 
distinct  parts ;  the  first  is  the  inertia  of  the  rigid  mass  moved,  and  is  evi- 
dently a  constant  quantity  for  the  motion  of  the  same  rigid  body;  the 
second  is  the  inertia  of  the  mass  of  fluid  medium  put  in  motion  by  the 
rigid  mass  moved :  this  inertia  is  variable ;  it  increases  as  the  velocity  of 
the  rigid  mass  increases,  and  diminishes  as  it  diminishes,  by  a  law  which 
may  be  conveniently  expressed  by  f{v),  where  v  represents  the  velocity  of 
the  rigid  mass  moving  in  the  resisting  medium. 

Hence  the  whole  inertia  of  the  mass  moved  may  be  represented  by — 
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Where,  W  =  weight  of  rigid  mass, 

ff  =5  accelerating  force  of  gravity. 

If  we  suppose  the  statical  resistance  to  be  represented  by  F{v)  when  the 
rigid  body  is  moving  with  a  velocity  v,  and  F  to  represent  the  constant 
force  applied  to  the  rigid  mass  to  move  it  with  a  velocity  v,  we  shall  have, 
for  the  motive  force  which  acts  upon  the  rigid  body,  the  expression — 

r^F(v)    ^.        .        2. 

The  accelerating  force  is  always  equal  to  the  motive  force  divided  by  the 
inertia  of  the  mass  moved. 

Therefore    f^-^-^-^^r'S    •      ,      •      S: 

where  *  represents  the   space  through  which  the  rigid  body  moves,  to 
acquire  a  velocity  v  in  the  time  t. 

If  we  take  into  account  the  friction  of  the  fluid  medium  through  which 
the  rigid  mass  moves,  the  expression  (2)  will  become 

J"  — !?(»)— «.        .         4: 

where  R  depends  upon  the  surface  of  the  rigid  mass  moving  through  the 
medium. 

Then  equation  (3)  becomes — 

Explanation  of  F{v). 

F  {v)  is  the  resultant  of  the  fluid's  pressure  on  the  surface  of  the  rigid 
body,  in  the  direction  of  its  motion  with  a  velocity  v. 

When  the  velocity  is  zero,  the  function  F{v)  must  necessarily  vanish,  in 
consequence  of  the  fluid  pressure  being  equal  in  opposite  directions  through- 
out the  whole  extent  of  the  surface  of  the  rigid  body  placed  in  the  fluid 
medium. 

When  the  rigid  body  is  in  motion,  the  fluid  pressure  at  every  point 
throughout  its  surface  must  be  resolved  in  the  direction  of  its  motion,  and 
these  resolved  forces  must  be  computed,  generally,  by  means  of  the  integral 
calculus;  their  sum  will  represent  the  value  of  F(t;). 

Let  p  be  the  pressure,  in  the  direction  of  a  normal,  at  the  point  P  on  the 
surface  of  the  rigid  mass. 

And  X,  y,  z,  the  rectangular  coordinates  of  the  point  P  referred  to  a 
fixed  point  in  the  interior  of  the  body ;  x  is  measured  in  the  direction  of 
the  body's  motion,  y  is  measured  horizontally,  and  z  vertically.  And  let 
^>  fi>  79  he  the  angles  which  the  normal  makes  with  the  axes  x,  y,  and  z. 
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respectivdy,  we  shall  have  p  cos.  a,  p  cos.  /3,  p  cos  y,  for  the  resolved 
forces  in  the  directions  of  a?,  y,  and  z  respectively — 

.;F(v)  e  36(p  COS.  o); 

where  S  refers  to  every  point  on  the  surface^  and  2  {p  cos.  /3)  will  in  all 
eases  be  equal  to  nothing. 

2  {p  COS.  y)  will  add  to  or  subtract  from  the  weight  of  the  body,  and 
thereby  aflfect  the  value  of  F(t;). 

Bothjj,  a,  and  y  will  vary  with  every  point  on  the  surface, — p  depending 
on  the  velocity  of  the  surface,  and  a,  y  on  its  form. 

Explanation  off  (r). 

The  quantity  /(t?)  depends  partly  on  the  number  of  particles  of  fluid 
moving  with  the  same  velocity  as  the  rigid  body,  and  partly  on  the  number 
of  particles  moving  with  a  variable  velocity. 

In  the  force  12  is  included  the  amount  of  force  necessary  to  separate  the 
particles  of  fluid  through  which  the  rigid  body  passes ;  this  amount  is  very 
small  in  most  liquids,  and  large  in  rigid  masses.* 


In  1796  Mr.  Atwood  published  a  paper,  in  the  Transactions  of  the  Boyal 
Society,  on  the  stability  of  ships  and  other  floating  bodies.  The  paper  is 
written  with  great  ability,  and  with  a  comprehensive  knowledge  of  the 
mathematics,  and  the  application  to  mechanics  and  hydrostatics.  This 
knowledge  enabled  him  to  develop  successAilly  the  theory  of  statical  sta- 
bility. It  is  intended  to  give  here  such  extracts  from  this  valuable  paper  as 
will  make  the  reader  acquainted  with  its  contents.  In  the  first  place  he 
gives  a  complete  exposition  of  the  three  different  positions  in  which  a  body 
floats  permanently .t  He  also  points  out  the  error  into  which  Bouguer, 
Euler,  Chapman,  and  other  writers  on  the  subject,  had  fallen,  in  supposing 
that  the  inclination  of  ships  from  their  quiescent  position  is  evanescent,  or, 
in  a  practical  sense,  very  small.  The  force  of  his  remarks  on  this  subject 
has  been  generally  acknowledged. 

He  next  proceeds  to  establish  the  following  proposition.  A  HB  (Fig.  9) 
is  the  section  of  a  symmetrical  solid  body,  floating  in  a  fluid  whose  specific 

*  The  conelasion  of  this  article  has  been  supplied  by  the  fayour  of  Mr.  Robert 
Rawson,  from  a  paper  on  the  Resistances  of  Fluids,  which  he  is  preparing  for  publication. 

t  This  is  by  no  means  peculiar  to  Vkfloati'ng  body ;  the  same  states  of  equilibrium,  yiz., 
stable,  instable,  and  indifferent,  belong  equally  to  a  solid  body  subject  to  the  action  ot 
external  forces. 


A 

B 
C 
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gravity  is  a  given  quantity ;  ^  fi  is  the  water-line  before  the  vessel  has 
been  deflected  by  the  force  of  the  wind  and  waves,  or  other  causes ;  -4 '  J? 

is  the  water-line  after  it  has  been  deflected  through  the 
^^'  ^*      ^     angle  AO  A'.    SH  and  S  If  we  drawn  perpendicular 

to  AB  and  A'  B  respectively,  the  first  through  the  cen- 
tre of  gravity  of  the  vessel,  and  the  second  through  the 
centre  of  gravity  of  the  part  A'  H'  B  immersed.  C  and 
C  are  the  centres  of  gravity  of  -4  0^'  and  5  OB';  CD 
'  and  C  jy  are  perpendicular  to  AB.    F  =  the  volume 

of  A  HB,  and  V  =  the  volume  oiA*  OA^BOB.     He  then  showed  that 

QQ»^  ^^—  GE.  sin.  A  OA; 
where  G  G'  is  parallel  to  A  B^  and  G  the  centre  of  gravity  of  the  body. 

The  demonstration  of  this  problem  depends  upon  the 
^         '     '  following  property  of  the  centre  of  gravity  of  a  system 

of  material  points.    Let  m^^m^yHn^^  &c.  &c.,  (fig.  10)  be 

^t         a  system  of  material  points ;  draw  m^  A^m^  B,  m,  C,  &c. 

— 3B      &c., perpendicular  toZX;  call  these  distances  r^,  r^jT^, 

m  &c.  &c. :  and  their  common  centre  of  gravity  firom  A  C 

denote  by  G. 

Then  G  =  r^m^^  r^m^^  r.m^^  Scc.  ,jv 

m^  •f  m^  -f  m,  •*■  &c.  ^   ^ 

Now  let  »»,  be  removed  to  r^^  distance  firom  A  C;  then  if  G'  is  their 
common  centre  of  gravity,  we  shall  have  by  (1) 

G'  =t  y^t««i  -«T,m,  4-r,ms  -t- &c.    q j  Q'  _  (J  j«      (f't^i'i)^    > 
fWj  +  m^  •♦•  m,  +  &c.  m,  +  «g  +  m, 

that  is,  the  distance  through  which  the  centre  of  gravity  has  been  moved 

in  the  direction  in  which  wii  has  been  moved  ia  equal  to ^ times 

the  distance  through  which  m  has  been  moved.  This  pnnciple  is  readily 
applied  to  the  determination  of  Mr.  Atwood's  problem. 

E  is  the  centre  of  gravity  of  A  HB.  By  the  inclination,  the  centre  of 
gravity  c  of  the  volume  AOA',  has  been  removed  from  c  to  r',  a  distance 
D  D'  in  the  direction  A'  B.  Therefore  by  the  property  just  demonstrated 
we  have 

EE'  =•  ^  y     y  and  by  trigonometry  we  have 

£/=  GE.  sin.  JB  G/=  GE.  sin.  A  OA; .-,  G  G'=  ^^^'  -  G  E.  sin. 
AOA. 

JfTVis  the  weight  of  the  vessel,  then  ^.  G  G'  is  the  moment  of  the  force 
which  tends  to  restore  the  equilibrium  of  the  body,  after  it  has  been  de- 
flected through  the  angle  AOA :  hence  the  importance  of  calculating  this 
value  in  computing  the  stability  of  vessels. 

Atwood  has  made  the  line  G  G'  the  measure  of  a  vesseVs  stability.     He 


INTRODUCTION.  kxiii 

proceeds  next^  to  determine  G  G'  by  means  of  the  conditions  necessary  for 
the  thi«e  kinds  of  equilibrinm.  Thus,  if  ^^^>  GE.  sin.  A  0A\  we 
Aall  have  an  equiKbrium  of  stabiUty;  if  ^^'^  <  GE.  sin.  AOA,  we 
«hall  have  an  eqmKbrium  of  instability;  and  if  —^'-  GE.^ia.AOA', 
we  shaQ  have  an  equilibrinm  of  indifference.  By  supposing  the  angle 
A'OAto  become  evanescent,  or  very  small,  he  obtains  a  formula  for  — p — 
in  all  solid  floating  bodies,  weU  adapted  for  the  computation  of  their 
stabilities. 

If  we  suppose  2r  to  be  measured  along  the  intersection  of  the  planes  A  B 
and  A'B,  since  the  volume  A OA  \a  evanescent,  and  gives  AO^  OBy 
we8hallhave4/'i4'o«.siiL4'Oi4.dj-  r 

Then  G  (?r=  2 -^-^OA.  »^  qe.^ilA'oa,  which  is  a  general  expres- 
sion for  asoertaining  whether  a  solid,  when  placed  on  the  surface  of  a  fluid, 
will  float  permanently  or  overset.  The  sine  of  the  angle  AOA  being  evan- 
escent, we  may  use  the  arc  instead  of  the  sine ;  then  the  above  formula 

wm  become  G  ff  =  i?p{fA'(^i.-lIfM], 

These  formula  are  applied  in  determining  the  stability  of  the  solids 
whose  vertical  sections  form  an  oblong  paraUelopiped,  a  cylinder,  or  a  para- 
bolic conoid.  In  all  these  cases  the  figures  are  subjected  to  the  computation 
of  all  their  various  forms.  In  the  next  place  we  have  a  further  discussion  on 

thcformulaGG^  =  |^^{y4'0»rf*-5^-5^      and  also  a  notice  of  the 

method  used  in  practice  to  approximate  to  the  areas  of  curvilinear  figures, 
stated  by  Sterling,  Simpson,  and  others.  After  giving  an  example,  com- 
paring Sterling's  method  with  Chapman's,  which  is  founded  on  the  proper- 
ties of  the  parabola,  he  observes,  that  the  same  method  by  which  the  areas 
of  curves  are  found  by  approximation,  may  be  applied  with  equal  exactness  to 
determine  the  solid  contents  of  space  and  the  position  of  the  centre  of  gravity. 
Reference  is  then  made  to  some  important  facts  regarding  stability,  that 
are  mentioned  by  M.  Bomme  in  "  L'Art  de  la  Marine.''  The  ships  whose 
deficient  stability  was  the  subject  of  inquiry  were  Le  Scipion,  L'Hercule,  and 
Le  Pbttan.  Atwood  indicates  with  great  clearness  the  various  causes  of 
instability  in  vessels,  and  observes  that  the  force  of  stability  is  to  be  con- 
sidered as  operating  on  the  ship,  after  the  force  by  which  it  has  been  inclined 
ceases,  to  restore  the  vessel  to  its  upright  position;  the  ship,  being  con- 
tinually impelled  by  the  force  of  stability,  revolves  about  a  horizontal  axis, 
passing  through  the  centre  of  gravity,  with  an  increasing  velocity,  till  it 
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arriyes  at  its  uprig;ht  position^  and  afterwards  with  a  velocity  continually 
retarded  till  it  arrives  at  tlie  greatest  inclination  on  the  other  side.  This 
rolling  of  the  ship,  with  the  alternate  acceleration  and  retardation  of  the 
angular  velocity,  will  evidently  depend  on  the  force  by  which  the  angular 
motion  is  generated ;  that  is,  on  the  force  of  stability^  and  its  variation 
corresponding  to  the  several  angular  distances  of  the  vessel  from  its  upright 
position.  From  this  cause  arises  one  of  the  practical  difficulties  *  in  naval 
architecttire  j  that  is,  to  give  a  vessel  a  sufficient  degree  of  stability,  and  at 
the  same  time  to  avoid  the  inconveniences  which  proceed  from  the  too  rapid 
increase  and  decrease  of  the  angular  velocity  in  rolling.  It  is  certain  that 
the  variation  in  the  force  of  stability  depends  principally  on  the  shape  given 
to  the  sides  of  the  vessel,  which  admit  of  being  so  constructed  that  the  force 
shall  increase  either  slowly  or  rapidly  to  its  limit.  Some  useful  observations 
are  made  on  the  rolling  of  ships,  with  reference  to  the  writings  of  Bouguer, 
Bernoulli,  and  Euler.  Bouguer  deemed  the  rolling  of  ships  to  be  analogous 
to  the  vibration  of  a  pendulum,  and  he  proposed  to  find  the  length  of  a 
pendulum  which  should  be  isochronal  with  the  oscillations  of  vessels.  On 
this,  Atwood  observes,  that  this  problem  seems  to  imply  both,  that  the  pen- 
dulum sought,  and  the  vessel  itself,  shall  vibrate  in  arcs  that  are  extremely 
small ;  for  otherwise  the  analogy  would  fail  altogether.  He  further  states  that 
no  oscillating  body  can  describe  arcs  of  unequal  lengths  in  equal  times, 
unless  it  is  impelled  by  forces  which  are  in  the  direct  ratio  of  the  distances 
from  the  quiescent  point ;  and,  therefore,  the  oscillations  of  a  vessel  vibrating 
in  different  finite  angles  are  evidently  not  isochronal  with  each  other,  since 
the  force  of  stability  varies  in  a  proportion  so  different  from  that  of  the 
distances  from  quiescence;  nor  can  they  be  isochronal  with  any  pendulum, 
imless  the  arcs  of  vibration  are  of  evanescent  magnitude,  in  which  case  the 
force  of  stability,  being  in  the  direct  proportion  of  the  angles  of  indination 
from  the  upright,  has  the  effect  of  producing  an  equality  in  the  times  of 
oscillation.  To  ascertain  a  pendulum  vibrating  in  small  arcs  which  is  iso- 
'Chronal  to  the  oscillations  of  a  vessel,  under  these  restrictions,  is  a  problem 
which  may  be  solved  with  sufficient  exactness;  but  unless  the  limitation 
that  has  been  mentioned  should  be  specified,  the  question  is  without  the 
necessary  conditions.  M.  Bouguer,  in  the  chapter  entitled  "  que  les  oscU- 
iations  soni  isochrones/'  does  not  expressly  mention  this  jHmitation ;  but 
it  is.  probable  that  he  conceived  it  to  be  implied.  In  the  remarks  on 
the  roUiug  of  vessels,  it  appears  that  Atwood  wishes  it  to  be  understood 
that  the  water's  resistance  has  not  been  considered,  which  must  necessarily 

*  This  difficulty  has  been  entirely  overcome  by  an  admirable  formula  discovered  by 
Professor  IMoseley. 
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have  some  influence  In  retarding  the  oscillations  of  the  vessel^  and  more  in 
the  larger  than  in  the  smaller  arcs.  It  must,  however,  be  observed,  that  the 
resistance  to  the  rolling  of  vessels  is  of  a  very  different  kind  from  that 
which  is  opposed  to  their  progress  through  the  water ;  as,  in  this  case,  a 
volume  of  the  fluid  proportional  to  the  vessel's  bulk  and  velocity,  is  entirely 
displaced  during  its  motion ;  whereas,  in  the  rolling  of  ships,  a  far  less 
quantity  of  water  suffers  a  change  of  place  by  the  ship's  oscillations,  which 
are  therefore  the  less  retarded  on  this  account. 

The  paper  is  concluded  by  a  brief  statement  and  exposition  of  the  re- 
sistances of  fluids.  He  states  that  the  theory  of  Bouguer^  Euler,  and  others, 
which  is  founded  on  the  resistances  being  in  the  duplicate  ratio  of  the  velo- 
cities, is  not  suJBScient  to  account  for  all  the  complicated  laws  of  bodies 
moving  in  fluids.  The  truth  of  this  assertion  appears  to  depend  on  the 
investigations  and  experiments  of  the  Society  for  the  improvement  of  Naval 
Architecture,  and  pubUshed  by  their  order.  These  experiments  show  that 
the  resistance  of  fidction  on  a  smooth  body  moving  in  water  upon  a  sur&ce 
of  258  square  feet  was  equal  to  a  weight  of  90  pounds,  the  velocity  being 
eight  feet  per  second ;  and  also  that  the  resistance  is  not  expressible  by  less 
than  three  terms  of  the  velocity;  that  is,  it  z  denotes  the  resLstance,  and  t; 
the  velocity,  then  we  have  z  ^  a^  +  bv^  ■{•  cv;  in  which  a,  b,  and  c  are 
constant  quantities  to  be  found  by  experiment. 

Mr.  Atwood's  second  paper,  entitled  ''A  Disqmsition  on  the  StabiHty  of 
Ships,''  was  published  in  the  "  Transactions  of  the  Royal  Society,"  March  8, 
1798. 

After  stating  the  absolute  necessity  of  attending  to  the  stability  of  vessels, 
he  proceeds  to  illustrate  the  application  of  abstract  science  to  their  con- 
struction and  management,  by  referring  to  the  success  which  had  attended 
the  labours  of  Newton,  in  his  explanation  and  development  of  natural  phe- 
nomena. 

''  The  theory  of  mechanics  having  been  greatly  extended  and  successfully 
employed  by  Sir  Isaac  Newton,  in  the  investigation  of  causes  requiring  the 
most  profoimd  research,  would  naturally  be  resorted  to  for  a  solution  of 
many  difficulties  that  occur  in  the  theory  of  naval  architecture,  which  could, 
not  be  obtained  from  any  other  mode  of  considering  the  subject."  He 
goes  on  to  distinguish  the  principles  of  construction,  ^^  which  are  founded 
upon  truth  and  right  practice,  from  others  which  are  the  offspring  of  vague 
and  capricious  opinion,  misinterpretration  of  facts,  and  unfounded  conjec- 
ture, by  which  phenomena  arising  in  the  practice  of  navigation  are  often 
attributed  to  causes  entirely  different  from  those  by  which  they  are  really 
governed." 
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"  Although  all  results  deduced  by  strict  geometrical  inference  from  the 
laws  of  motion  are  founds  by  actual  experience^  to  be  perfectly  oonsiBtent 
with  matter  of  fact^  when  subjected  to  the  most  decisive  trials^  yet  in  the 
application  of  these  laws  to  the  subject  in  question,  difficulties  often  occur^ 
either  from  the  obscure  nature  of  the  condition^  or  the  intricate  analytical 
operations  arising  from  them^  which  render  it  impracticable  to  obtain  a 
solution;  or^  if  a  result  is  obtained,  it  is  expressed  in  terms  so  involved  and 
complicat-ed  as  to  become  in  a  manner  useless  as  to  any  practicable  purpose.'^ 
He  justly  observes,  with  "respect  to  the  theory  of  vessels,  it  would  be 
giving  that  term  too  narrowed  a  meaning  to  consider  it  as  derived  solely  from 
the  laws  of  mechanics;  every  notion  or  opinion  which  may  be  applied  to 
explain  satisfactorily  the  phenomena  depending  on  a  vessel's  oonstructioii 
and  qualities,  so  as  to  infer  the  consequences  of  given  conditions,  inde- 
pendently of  actual  trial,  whether  it  originated  from  experience  alone,  or 
from  investigation  foimded  on  the  laws  of  motion,  is  to  be  regarded  as 
forming  a  part  of  this  theory,  in  which  a  constant  reference  to  practice  is 
so  essentially  necessary ;  for  although  many  principles  are  dedudble  from 
the  laws  of  mechanics,  which  it  is  probable  that  no  species  of  experiment, 
or  series  of  observation,  however  long  continued,  would  discover,  yet  there 
are  others,  no  less  important,  which  have  been  practically  determined  with 
sufficient  exactness,  the  investigation  of  which  it  is  scarcely  possible  to  infer 
from  the  laws  of  motion ;  the  complicated  and  ill-defined  nature  of  the  con- 
ditions in  particular  instances,  rendering  analytical  operations  founded  on 
them  Uable  to  uncertainty.  Since  the  practice  of  naval  architecture  depends 
so  materially  on  the  knowledge  of  the  causes  which  influence  the  motion  of 
vessels  at  sea,  much  benefit  may  probably  be  derived  from  the  extension  of 
well-founded  principles,  both  by  attentive  observation  of  the  qualities  of 
vessels,  compared  with  their  construction,  as  well  as  by  investigation  of  the 
effects  arising  from  particular  modes  of  construction,  depending  on  the  laws 
of  statics  and  mechanics,  whenever  the  conditions  admit  of  inferring  prin- 
ciples which  are  dear  and  satis&ctory,  and  easily  applicable  to  practice.'^ 

We  are  again  introduced  to  the  investigation  of  the  formula  of  stability 
given  in  the  first  paper,  ''to  avoid  the  necessity  of  future  references,  aa 
well  as  for  the  purpose  of  stating  more  distinctly  the  observations  which 
follow  it/' 

Many  pages  are  appropriated  to  the  calculation  of  the  line  GZ,  or  the 
perpendicular  distance  from  the  centre  of  gravity  of  the  vessd  to  the  vertical 
line  passing  through  the  centre  of  effort  in  vessels  of  various  sectional 
forms.  Although  many  of  these  calculations  are  not  difficult,  yet  they  are 
attended  with  considerable  labour,  and  it  is  quite  possible,  from  the  advancea 
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which  hare  been  made  in  pure  mathematics  since  the  time  of  Atwood^  that 
some  of  these  calculations  may  admit  of  simplification ;  but  notwithstanding 
this^  the  mathematical  reader  will  find  there  the  display  of  a  sound  and 
vigorous  judgment  on  questions  of  pure  and  mixed  science. 

Thirteen  cases  are  given,  in  each  of  which  the  value  of  the  line  above  men- 
tioned is  ascertained  and  applied  to  calculate  the  moment  of  stability,  or  the 
force  required,  when  applied  at  a  certain  height  from  the  centre  of  gravity 
of  the  vessel,  just  to  balance  the  force  with  which  the  vessel  endeavours  to- 
regain  its  position,  after  it  has  been  deflected  through  a  given  angle. 

We  shall  endeavour  to  illustrate  the  general  principle  investigated  in  thia 
paper,  by  an  example,  when  the  section  of  the  floating  body  is  a  triangle;. 
Let  ABC  (fig.  11)  be  a  section  of  the 
floating  body;  A  B  the  water-line  at  rest;  ^^'  !!• 

G  its  centre  of  gravity;  and  E  the  centre 
of  gravity  of  the  part  immersed.  Let  the 
floating  body  be  inclined  so  that  IH  Ib  the 
water-line.  Draw  JIf  7  through  the  centre 
of  gravity  of  the  part  I CH  immersed,  per- 
pendicular to  IH,  and  BT,  GZ  parallel 
to  J£r,  and  6  JZ  parallel  to  Afr.  Put  Zl 
ACB^Cj  A  CAB  =  A,KXiiAABC 
=  5.  Z.  B  SH=6;  which  is  equal  to 
/_  B  MTor  E  GR.  o  and  o,  are  the 
centres  of  gravity  of  the  triangles  SBHtJid  A  SL 

2  aABC'^AB.  CB.m.B. 

A8BB     8H,8B.nn,9  *jv 

•'*  ^ABC"  AB.BC.nR.B.    •        •        *        *       ^    * 

But,  since  the  sides  of  triangles  are  propcwrtional  to  the  sines  of  their  oppo- 
site angles,  we  have 

^  8B     rfiL(it-^ 

..8B.sii^8H^.  -f^-^^     By  substituting  this  in  equation  (1),  we  have 

^8HB         8H^       gin,  e.  an.  (B  -  9)  ^        (2) 

l^ABC'^  AB.BC*  m.*.B 

Next,  let  the  value  of  S-ff  be  found. 

Since  A  ^  JS  =  A  SHB,  we  have  by  EucUd  (vi.,  15) 

±^    BjSL  ......      (3) 

sb"^  81 

By  trigonometry^we  have 

8H  rin.B  .    81  t^m.  A 

'8B'lSr{B'=^i'^^  ab     ^.{A-^ey 
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8H  AS       sin. B. sin.  fA  +  9) 


From  these  equations  we  have  -g^.-^  -  ^^^^^^s^^) 

AS»      SH.A8. 
BS*'  8B.  SI^ 

"'  Bii  "  V  8111.-4.  an.  (B-*)  " 


Prom  (3)  we  have  ^^     ^^•^^• 


and-^^-«.-.BS--^ 

B8  n 


Rut   8  ff^  ■■  BS*»    1 — - — \=- sv  ■   ~i — '' — a  /  B       a\* 

By  substituting  this  value  in  (2),  we  have 

A  SHB  AB.fXn.B  ^  gin.  0.  sin.  C ^        ^^j 

A  -ilBC  ""  »*BC.8m.(B-0)  "  iitBm.^.8m.(B- fl) 

ItwiU  not  be  difficult  to  see  that  1^- »-i; /.  5^- «;  or /// -  ».s/ 

"*•'**•  tin.  ^4  +  «)' 

But  i*s-  (»- 1).  is  -  ^i^.  i*B; 


""       38in.  (-4  +  »)  3 

^Bf  78i"-^;8j^. ^  ^^g  ^   I  ^ 

■""^  I   V'  aa.  (4  +  e}.  sin.  (.B  -  «)  ) 

by  restoring  the  value  of  [n  —  1). 
By  Atwood's  formula  we  have 

l^SHB 
A  B.  sin.  0.  tin,  C 


3n'sin 
A 


B.  gin,  e,  rin.  C         f   / Bin.i<.8in-B  U  .   cos  «  1 

in.^.8in.(B-«)  I  Vain.  {A  +  fl).  8in.(B  -  «);  f 


4  B.  gin,  g.  8ln.  C        f  .  / wn.^.ain.B  +  co8.  fl  1  -  <fnu  0 

.8in.^.8in.(B-a)\V,in.(4^-e).sin.(B-.aj^^S       ^""^ '' 


Where  «-W^$^4^^;/ 


Cor.  (1).    If  ^  =  B,wehaveC  +  2B=  180,  or  C=  180  -2B  /.  sin.  C 
=  8in.2£;  consequently 

OZm      2«^P-^-^^         / ^^__  +  co«.e)-(l8in.e; 

3f»2.ain.(B-fl)*    \v^Bin.(B  *  fl).sin.  (B- «>  ^ 


where  n^iW'^^^"^) 
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This  investigatioxi  is  introduced  for  the  help  of  those  who  may  find  it 
more  convenient  to  arrive  at  the  conclusion  which  Mr.  Atwood  has  reached^ 
bj  a  shorter  path.  It  is  no  disparagement  of  him  to  say  that  a  principle  is 
susceptible  of  more  concise  investigation  now,  than  it  received  at  his  hands ; 
for  half  a  century  has  witnessed  important  changes  in  the  manner  of  treat- 
ing many  sorts  of  questions  to  which  mathematics  are  applied. 

We  are  now  conducted  to  the  celebrated  theory  of  Bouguer,  respecting 
the  metacentre,  about  which  Atwood  makes  the  following  observations : — 
''  It  may  be  proper  to  remark,  that  the  metacentric  curve  described  by  Bou- 
guer  and  M.  Clairbois,  and  applied  to  the  preceding  cases,  does  not  appear 
to  have  any  relation  to  the  stability  of  vessels,  except  in  the  single  point 
where  the  curve  intersects  the  vertical  axis,  and  therefore  can  be  applicable 
only  in  the  case  when  the  angle  of  the  vessePs  inclination  firom  the  upright 
is  evanescent.  Let  FB  C,  DAH  (fig.  12)  represent  the  sides  of  a  vessel,  BA 
coinciding  with  the  water's  surface  when  the  vessel  floats  upright;  bisect 
ABin  S,  and  draw  ISE  perpendicular  to  BA.  Let  E  be  the  centre  of 
gravity  of  the  volume  immersed.  Suppose  the  vessel  to  be  inclined  throu^ 
a  very  small  angle  A  8  a,  so  that  the  water's  surface  shall  now  coincide  with 
b  a ;  and  let  the  centre  of  gravity  of  the  volume  immersed  be  Q.  Through 
Q  draw  the  line  QW  z  perpendicular 
to  6a,  intersecting  the  line  IE  in  the 
point  }F,  This  point  is  called  by  M. 
Bouguer  the  metacentre.  One  of  the 
principal  properties  of  this  point  is, 
that  whenever  the  centre  of  gravity  of 
the  vessel  is  situated  beneath  it,  any- 
where in  the  line  WE,  (suppose  at  G,) 
the  vessel  will  float  permanently  with 
the  line  IE  vertical;  but  that,  if  the 
centre  of  gravity  is  placed  above  the 
metacentre,  (suppose  at  ff,)  the  vessel 

will  overset,  firom  that  position;  for  drawing  GZ,gz,  perpendicular  to  Qz, 
if  the  vessel  should  be  inclined  through  a  small  angle  A  8a,  so  as  to 
immerse  a  portion  of  the  side  A  a,  the  force  of  pressure  acting  in  the  direc- 
tion of  the  line  Q  Z,  to  turn  the  vessel  round  an  axis  passing  horizontally 
through  G,  will  elevate  the  parts  adjacent  to  ^,  so  as  to  restore  the  upright 
position ;  whereas  if  the  centre  of  gravity  should  be  placed  above  the  meta- 
centre, suppose  at  g,  the  same  force  of  the  fluid's  pressure,  by  turning  the 
vessel  roimd  an  axis  passing  through  g,  must  immerse  farther  the  portion 
of  the  side  A  a ;  and  this  immersion,  being  continued,  will  cause  the  vessel 
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io  overset.  Another  property  of  this  point  has  been  demonstrated  by 
M.  Euler  and  other  anthers,  which  is  that  when  the  angles  of  a  vessePs 
inclination  are  evanescent,  or  very  smaU,  the  effect  of  stability  to  restore 
the  vessel  to  the  upright  position,  will  be  as  the  sine  of  the  angle  of  inclina- 
4ion  G  WZ  and  the  line  ^6  jointly ;  at  the  same  small  angles  of  inclina- 
tion, the  stability  of  different  vessels  will  be  in  proportion  to  the  line  WG^ 
or  distances  of  the  metaoentre  above  the  centre  of  gravity. 

*'  Let  the  curve  EQq  (fig.  18)  represent  the  line  traced  by  the  successive 
centres  of  gravity  of  the  immersed  volumes,  while  the  vessel  is  inclined 
from  the  upright  through  any  angle  ASH.  M.  Bouguer  demonstrates 
that  a  tangent  to  this  curve  in  any  point  Q,  will  be  parallel  to  the  water's 
aurface  CH^  corresponding  to  that  point;  if,  therefore,  through  any  two 
adjacent  points  Q  and  q,  in  the  curve  EQq,  the  lines  QM,  qN,  are  drawn 
perpendicular  to  the  lines  CH,  c  A,  respectively,  the  intersection  of  those 
lines  in  the  point  X  will  be  the  centre  of  curvature,  and  XQ,  Xq,  will  be 
the  radii  of  a  circle  which  has  the  same  curvature  with  the  curve  £Q  in  the 
point  Q.    For  the  same  reasons,  the  line  WE  (fig.  IS)  is  the  radius  of  a 

circle  which  has  the  same  curvature 
with  the  curve  £  Q  in  the  point  E. 
The  point  W  has  been  denominated 
the  metacentre  corresponding  to  the 
upright  position  of  the  vessel,  when 
the  line  WGEis  perpendicular  to  the 
water's  surface.  M.  Bouguer  deno- 
minates the  point  X  the  metacentre 
corresponding  to  the  position  when 
the  vessel  has  been  inclined  from  the 
upright  through  the  angle  ASH;  and 
the  curve  WX  is  termed  the  meta- 
centric curve,  being  the  line  traced  by  the  successive  metacentres,  or  inter- 
sections, of  the  lines  QM,  qN,  drawn  perpendicular  to  the  lines  in  which 
the  vessel  is  intersected  by  the  water's  surface,  while  it  is  gradually  inclined. 
Consequently,  according  to  tins  construction,  the  metacentric  curve  JFX 
is  the  evolute,  of  which  the  curve  EQq  is  the  involute/'  Atwood  goes  on 
to  observe  that  the  properties  of  the  metacentric  curve  have  to  be  investi- 
gated by  geometrical  reasoning,  and  on  this  ground  are  liable  to  neither 
ambiguity  nor  error ;  but  it  does  not  appear  either  in  the  works  of  M.  Bou- 
guer, or  M.  Clairbois,  or  in  some  of  more  recent  date,  on  what  grounds 
these  properties  are  applied  to  measure  the  stability  of  vessels,  or  to  esti- 
mate their  security  from  oversetting,  when  much  inclined  from  the  upright. 
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Though  the  discovery  of  the  metacentre  could  not  be  made  by  merely 
practical  men^  yet  it  was  a  thing  which  lay  in  the  line  that  a  mathematician 
would  pursue  in  investigating  this  subject ;  and  the  importance  of  this  point 
is  such^  that  he  would  not  fail  of  pointing  out  its  position  on  having  deter* 
mined  it.  But^  in  the  question  of  stability,  it  is  not  obvious  that  the  me/a* 
centric  curve  is  of  any  value.  The  speculations  of  Bouguer  were  conducted 
apart  from  the  practice  of  naval  architecture^  and  their  results  were  such  aa 
the  practical  architect  might  have  sought  in  vain.  The  principles  upon 
which  the  moment  of  force  to  keep  a  floating  body  deflected  at  any  given 
angle  can  be  calculated^  were  well  known  before  Bouguer  wrote ;  but  the 
metacentre^  which  he  was  the  first  to  notice^  serves  admirably^  by  its  position 
in  relation  to  the  centre  of  gravity,  to  mark  the  difi^erent  conditions  of 
stability — as  stable,  instable,  and  indifferent ;  so  far  the  special  notice  and 
naming  of  the  point  are  of  great  importance. 

Several  pages  are  devoted  to  a  description  of  the  rules  for  approximating 
to  the  area  of  plane  curves,  given  by  Newton,  Sterling,  and  Simpson.  The 
rule  given  by  the  last-named  celebrated  author  has  been  used  by  the  most 
eminent  writers  on  the  continent,  and  a  demonstration  of  it  is  to  be  found 
in  Francour'a  Mathematics :  such  notice  has  seldom  been  taken  of  any 
English  mathematician.  Atwood  concludes  this  very  interesting  paper  with 
an  application  of  the  principles  which  he  has  developed  in  it  to  a  few  nu- 
merical examples,  with  the  nature  of  which  all  students  of  naval  architecture 
should  be  acquainted. 

The  value  of  Atwood's  papers  has  been  established  in  England  beyond 
all  dispute.  The  practice  of  naval  architecture  for  half  a  century  is  an 
eminent  proof  of  the  correctness  of  the  result  at  which  he  arrived  on  theo- 
retical considerations.  Those  who  appreciate  his  works  ought,  however,  to 
know  that  the  two  conditions  on  which  a  ship's  stability  depends,  and  the  '  Jl  > 
principle  on  which  it  is  measured,  had  been  clearly  stated  by  Bernoulli  and 
Euler,*  whose  works  it  appears  Atwood  had  read,  since  he  noticed  their 
defects.  Thus  the  merit  of  Atwood  does  not  consist  so  much  in  the  discovery 
of  principles,  as  in  taking  up  principles  already  indicated,  demonstrating 
'^  their  legitimate  consequences,  and  showing  their  application  to  practice. 

Neither  Bernoulli,   Euler,  nor  Atwood   has   given  any   attention   to 
the  effect  which  is  produced  on  the  amplitude  of  a  vessel  by  the  force,  re- 

See  "  Principes  Hydrostatiques  et  M^caniques,  sur  la  question  proposee  pour  la  aeconde 
fois  par  TAcad^mie  Royale  des  Sciences :  '  Quelle  est  la  meilleure  maniere  de  diminuer 
le  Roulis  et  le  Tangage  d*nn  Navire,  sans  qu'il  perde  sensiblement  par  cette  diminution 
ancone  des  bonnes  qualit^s  que  sa  construction  doit  lui  donner.'  Par  M.  Daniel  Bernoulli ; 
Paria,  1757  ; "  also,  "  A  Complete  Theory  of  the  Construction  and  Propertied  of  Vessels," 
Ao,  by  Leonard  Euler,  translated  by  Henry  Watson,  Esq.,  Book  i,,  Chap.  4 ;  London,  1790. 
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quired  to  keep  it  at  a  given  angle,  being  suddenly  and  consecutively  applied 
from  a  state  of  rest  to  the  extremity  of  the  amplitude  of  the  oscillation. 
Atwood's  formula  shows  only  the  amount  of  force  required  to  preserve  a 
vessel  in  an  inclined  position,  without  regarding  the  effect  of  the  accumu- 
lation of  impulsive  force  on  the  vessel.  In  consequence  of  this  omission  in 
theory,  naval  architects  have  found  it  difficult  to  determine  precisely  what 
elements  most  affect  the  rolling  motion  of  a  vessel. 

This  desideratum  has  been  lately  supplied  by  Professor  Moseley,*  who  has 
formed  an  elegant  theorem  for  determining  the  amount  of  force  whidi, 
acting  successively  in  obedience  to  any  law,  is  necessary  to  incline  a  vessel 
from  an  upright  position  to  any  given  angle  of  inclination. 

Let  H  and  H^  be  the  perpendicular  distances,  respectively,  from  the  centre 
of  gravity  of  a  vessel  to  the  plane  of  flotation,  when  the  vessel  is  at  rest,  and 
when  it  is  inclined  through  a  given  angle  i ;  and  let  h  and  A,  be  the  perpoi- 
dicular  distances,  respectively,  from  the  centre  of  gravity  of  the  part  im- 
mersed to  the  plane  of  flotation,  when  the  vessel  is  at  rest,  and  when  it  is 
inclined  through  the  angle  9. 

Pat  W  =  the  weight  of  the  vessel : 

Then  if  17  is  the  number  of  units  of  work  necessary  to  incline  the  vessel 
from  an  upright  position  to  an  angle  tf,  we  shall  generally  have 

U=W{{H^H,)^  (A-A,)} 

The  discovery  of  this  formula  is  one  of  the  greatest  steps  that  has  been 
taken  in  the  theory  of  naval  architecture  since  the  time  of  Bernoulli.  The 
formula  has  been  verified  in  a  great  number  of  experiments,  made  at  Ports- 
mouth  dock-yard,  in  accordance  with  an  Admiralty  order,  under  the  direction 
of  the  author  and  Mr.  Rawson.  In  conducting  these  experiments  they  have 
discovered  the  important  fact,  that  the  angle  of  amplitude  obtained  by  the  im- 
pulse of  a  gust  of  wind,  or  by  other  forces,  acting  suddenly  and  constantly,  is 
about  twice  as  great  as  the  angle  at  which  the  same  force  would  keep  the  ves- 
sel at  rest  at  any  inclination.    The  formula  is  of  easy  application  to  practice. 

This  introduction  shows  how  the  theory  of  naval  architecture  is  identified 
with  the  laws  of  fluid  matter,  and  is  thus  associated  with  one  of  the  most 
difficult  branches  of  natural  philosophy.  Being  thus  dependent  on  those 
laws,  and  unable  to  advance  beyond  the  point  of  their  development,  great 
labours  have  been  undertaken  to  enlarge  the  boundary  of  science,  for  the 
improvement  of  naval  architecture ;  the  success  has,  however,  always  been 
small  in  relation  to  the  efforts.    Before  the  time  of  Archimedes,  the  mere 

*  On  Djnamical  Stability,  and  on  the  Oscillations  of  Floating  Bodies,  by  the  Rev. 
Henry  Moseley,  M.A.,  F.B.S.,  in  the  Philosophical  Transactions,  Part  2,  for  1850. 
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facts  of  the  buoyancy  of  some  bodies  in  water  were  known  as  well  as  they 
have  been  known  since ;  but  he  discovered  the  law  which  determines  these 
flEtcts,  and  wrote  a  treatise  on  the  subject.  It  was  long  before  the  next 
important  step  in  hydrostatics  was  taken ;  it  remained  for  Stevinus  to  deter- 
mine that  the  pressure  of  fluids  is  in  proportion  to  their  depth.  A  third  dis- 
covery of  the  properties  of  a  fluid  was  made  by  Pascal — ^that  it  exerts  an  equal 
pressure  in  all  directions :  this  last  principle  includes  the  two  preceding. 

These  are  the  only  fundamental  principles  of  fluids  that  have  been  yet 
determined.  The  knowledge  of  these,  however,  meets  the  necessity  of  the 
naval  architect,  with  reference  to  the  buoyancy  and  stability  of  ships;  and 
numerous  experiments  have  realised  an  approximation  to  the  law  which 
determines  the  resistance  of  fluids ;  but  the  exact  law  has  not  been  traced. 
In  the  ''Examen  Maritime/'  by  Don  George  Juan,  the  subject  is  treated 
at  considerable  length;  but  as  some  of  the  fundamental  principles  are 
assumed  rather  than  demonstrated,  and  as  experiment  has  shown  that  the 
principles  he  assumed  are  wanting  in  exactness,  even  supposing  his  applica- 
tion of  them  to  be  true ;  and  also,  as  the  manner  proposed  by  him  to  deter- 
mine the  resistance  opposed  to  a  ship  in  passing  through  the  water,  is  de- 
ficient in  the  clearness  necessary  to  practice,  this  branch  of  the  science  of 
naval  architecture  has  not  been  advanced  by  that  highly  talented  author. 

In  looking  at  the  progress  of  naval  architecture,  we  see  that  theory  has 
been  scarcely  an  object  of  study  in  England;  and  we  are  forced  to  the 
inference  that  an  adequate  cause  must  have  existed  for  the  prevailing  indif- 
ference to  science.  The  cause  has  prevailed,  and  continues  to  exist ;  for,  to 
a  great  extent,  the  effect  still  exists.  Atwood,  whose  papers  on  the  stability 
of  floating  bodies  have  been  text-books  for  naval  architects  for  half  a 
century,  produced  no  new  ideas  on  the  subject :  it  is  dear  that  he  obtained 
his  principles  firom  foreign  authors.  No  other  work  on  naval  architecture 
in  England  has  professed  to  exhibit  new  truth  or  to  extend  the  science : 
this  object  has  never  been  made  national;  on  the  contrary,  the  policy 
of  government  has  almost  invariably  had  a  tendency  to  discountenance 
and  repress  science.  From  the  latter  part  of  the  seventeenth  century, 
the  usage  of  the  service  was  to  determine  the  construction  of  ships  by  the 
regulations  of  office.  This  necessarily  excluded  science,  and  discouraged 
scientific  education.  The  course  of  experience  from  the  earliest  date  of 
official  establishments  for  the  dimensions  of  ships,  clearly  shows  this  effect ; 
there  were  education,  great  talent,  and  improvement  before :  Mr.  Pett  and 
Sir  Anthony  Deane  adorned  their  profession ;  but,  after  their  time,  the 
general  qualifications  of  ship-builders  appear  simply  to  have  met  the  require- 
ments of  the  service  as  practical  men.    This  state  of  things  continued  till 
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the  beginning  of  the  present  century,  when  the  Board  of  Revision  recom- 
mended, amongst  varions  improvements,  a  sound  mathematical  education 
for  shipwright  officers;  and  until  that  recommendation  was  carried  into 
effect,  if  all  the  rays  of  science  in  the  country  had  been  concentrated  upon 
naval  architecture,  there  would  have  been  no  power  in  the  service  to  receive 
and  use  the  light.  The  rays  were  begun  to  be  collected  to  a  focus  by  means 
of  the  late  School  of  Naval  Architecture ;  but,  unfortunately,  this  was  not 
appreciated  by  the  Admiralty  and  Navy  Boards ;  tbe  government  having 
omitted  any  attempt  to  cultivate  science  in  the  higher  departments.  The 
School  of  Naval  Architecture  was  suppressed,  and  almost  all  who  had  been 
educated  in  it,  and  who  remained  in  the  service,  were  for  a  considerable 
length  of  time  kept  in  subordinate  situations,  in  which  no  opportunity  was 
allowed  them  to  prove  the  value  of  the  education  they  had  received.  This 
opportunity  was  at  length  given  by  the  board  of  Admiralty,  under  the  earl 
of  Haddington,  and  that  board  and  the  present  have  shown  more  regard  to 
superior  qualifications  in  the  shipwright  officers  in  Her  Majesty's  service 
than  had  been  shown  previously.  The  experiment  has  had  a  very  promising 
success,  which  time  will  doubtless  increase,  since  both  the  practicability  and 
the  advantage  of  higher  educational  qualifications  are  evident.  The  renewed 
organization  and  establishment  of  means  to  elevate  the  intellectual  character 
of  the  professional  officers  and  artizans  in  the  dock-yards^  generally,  are  cal- 
culated, in  time,  to  exhibit  these  establishments  under  a  new  phase. 

With  reference  to  the  direct  efforts  which  have  been  made  for  the  \ 
advancement  of  naval  architecture,  it  is  not  unworthy  of  notice  that  the  \ 
only  important  series  of  experiments  that  have  been  made  in  England  were 
undertaken  by  the  late  colonel  Beaufoy,  in  connection  with  a  society  for 
the  improvement  of  naval  architecture,  formed  in  London  in  1791,  and 
quite  apart  from  the  encouragement  and  aid  of  government,  to  whom  the 
importance  of  the  object  was  frequently,  but  in  vain,  represented  by  colonel 
Beaufoy.  The  financesof  the  society  were  exhausted  before  its  objects  were  ac*  . 
complished,  or  even,  as  it  seems,  extended  beyond  the  making  of  experiments,  ; 
for  determining  the  law  of  the  resistance  of  fluids,  in  the  Greenland  dock ;  / 
but  when  public  means  failed,  colonel  Beaufoy  carried  on  the  experiments, 
and  performed  all  the  labours  connected  with  them  at  Ids  own  expense ;  and, : 
after  his  death,  the  result  of  those  labours  was  presented  to  the  public  by  his . 
son,  Mr.  Henry  Beaufoy,  in  a  large  quarto  volume,  gratuitously  distributed  :■ 
an  act  of  munificence  in  favour  of  science  worthy  of  the  disinterested  laboum 
of  his  father,  and  of  which  there  are  few  examples. 
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The  importance  of  the  science  and  the  practice  of  ship-building  to  ai^ 
insular  kingdom^  and  the  eictent  to  which  they  must^  in  the  course 
.of  time^  affect  its  position  in  the  scale  of  nations^  can  scarcely  be  over- 
rated. Although  the  power  and  prosperity  of  some  of  the  ancient  states 
yrere  materially  affected  by  their  relative  maritime  condition^  yet  it  has 
been  reserved  for  modem  times  to  witness  the  height  gf  that  distinction  in 
power^  wealthy  and  influence^  which  the  command  of  the  se^,  and  a  count- 
less commercial  navy^  may,  amder  ^divine  Providence ^  x^onfer  on  an  island 
of  so  i:e9t^cte4  liipits  as  Great  Britain.  In  the  early  periods  of  Jhe  history 
pf  thi^  ogtuntry.  ^ts  strenj^h  was  pxxt  very  gradually  consolidated.  But^  at 
length,  when  international  Jf^^j^Y  S^^^  freedom  and  energy  to  enterprise, 
both  in  war  and  commerce,  in  which  lai^  fleets  were  necessarily  employed^ 
the  coimtry  advanced  rapidly  towards  that  eminence  by  which  it  has  been 
distinguished  ^^mongst  the  nations  of  the  earth ;  and  which  has  been  suC; 
ccssfiflfj  p^'eserved  ever  since  it  was  first  attained. 

Jp  ^  worthy  of  remark,  that  with  scarcely  a^  exception,  the  territories 
jnrhich  the  English  have  taken  pos^ess^on  of,  colonised,  and  retained  as  a 
permanent  part  of  their  domin^ons^  have  been  acquired  principally  by  means 
of  their  fleets.  That  the  commerce,  the  colonies,  and  the  fleets  of  Great 
Britain  are  mutually  dependent  on  each  other,  and  are  necessary  to  each 
other  for  protection,  support,  and  efficiency  of  power,  to  a  great  extent,  is  a 
prop9i^t\on  whjich  no  arguments  are  required  to  establish.  And  in  the 
present  state  of  maritime  and  commercial  enterprise  in  Europe,  the  effec- 
;tiveness  of  our  fleets,  both  national  and  mercantile,  must  be  regarded  as 
the  firmest  national  guarantee  for  the  progress  and  stability  of  our  pros- 
perity  aad  power. 

If  ye  r^er  t9  tfee  cities  ?ind  states  which  have  been  l^e  most  eminent^ 
^n  both  ^cient  aq.d  modem  times,  for  extensive  commerce,  and  consequent 
opulence,  it  will  be  seen  that  their  prosperity  has,  to  a  most  material  extent, 
been  connected  with  their  means  of  carrjdng  on  a  traffic  by  sea.;  and  that 
.wherever  such  means  haye  been  used  with  sufficient  freedom  and  energy, 
^he  result  has  jgenejrdly  been  most  beneficial.  If  continental  states  and 
cities  bordering  on  the  sea^  or  connected  with  it  by  rivers,  flomished  .in  pro- 
^rtion  as  they  employed  maintime,  rather  than  land  convoyaiice,  now 
jbnmenscly  important  must  it  be  to  England,  that  derives  so  large  a  portion 
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of  her  wcfJtli  and  power  from  external  sources,  to  study  the  hij^hest  degree 
of  improveineut  in  the  me;ms  which  so  eminently  conduce  to  this  national 
consequence,  greatness,  and  wealth, — advancement  and  improvement  in 
marine  architecture. 

The  origin  of  marine  architecture  is  lost  in  the  recesses  of  antiquity; 
and  we  are  left  to  the  uncertainty  of  conjecture  with  regard  to  the  first  tsc 
of  floating  bodies  for  conveyance.  It  may,  however,  be  readily  conceived 
that,  without  the  means  of  investigating  the  pro])crties  of  floating  bodies 
generally,  such  expenments  only  would  be  made  as  necessity  might  lead 
to, — and  those  with  tlie  most  sinfiple  kinds  of  craft  that  were  suflSciently 
buoyant  i'ur  crossing  rivers  with  safety.  {Plate  I,  Fig,  1.)  The  experience 
of  benefits  dcriv  cd  from  this  mode  of  convevance  would  necessarily  call  for 
the  aid  of  ingenuity, — and  improvement  w^ould  follow.  And  a  raft  of  more 
capacity,  constructed  of  several  parts,  might  precede  any  description  of  canoe, 
(Plate  1,  Ftys.  2,  3,)  even  that  formed  of  the  tnmk  of  a  tree,  rudely  shaped 
on  the  outsi<le,  aiul  hollowed  within.     (Plate  1.  Fig.  4.) 

It  is  evidt^ut  that,  when  a  very  large  portion  of  the  arts  which  are  sub- 
servient to  the  convenience  and  comfort  of  man,  were  in  a  rude  state,  the 
progress  of  ship-})uil(ling  could  not  be  very  rapid.  Successive  ages  doubt- 
less contributed  their  improvements  in  the  constmction  of  vessels,  before 
such  fleets  could  be  produced  us  those  which  rendered  T\Te  so  celebrated. 
In  the  progn^ss  of  the  art,  the  buihlers  would  forget  the  original  floating  con- 
veyance which  theLr  ancestors  had  employed ;  and,  intent  upon  improve- 
ments, they  woidd  disregju^d  the  inferiority  which  they  were  able  to  excel. 
Navigation,  also,  in  its  earKest  efforts,  must  have  coiresponded  to  the 
imperfection  of  the  art  on  which  it  fdmost  entirely  depended.  The  t^vo 
arts,  then,  in  their  correspondent  relation  of  support  and  dependence,  pro- 
ceeded together;  and  each  increased  in.  importance  and  utilit}^  This 
appesurs  to  have  been  the  condition  of  marine  architecture  when  T}Te  flou- 
rished through  her  niiuitime  industiy  and  great  commercial  opulence. 
It  is  not  known  in  what  descriptions  of  vessels  the  traffic  of  this  ancient 
city  was  earned  on;  but  knowing  the  voyages  they  performed,  loaded  with 
merchandise,  we  are  led  to  conclude  that  they  were  built  Avith  a  considerable 
degree  of  strength  and  capacity. 

At  a  very  remote  period,  Egypt,  it  is  said,  .was  engaged  in  a  course  of 
traffic  with  India;  tliis  traffic  was  carried  on  by  sea,  between  the  Arabian 
Gulf  and  the  western  shores  of  India;  and,  from  the  shores  of  the  Ara- 
bian Gulf  to  Egyjit,  the  merchandise  was  conveyed  by  land.  This  esta- 
blishes the  fact  of  very  early  navigation  in  the  Indian  Ocean ;  whether  tliisj 
navigation  was  carried  on  by  the  Egyptians  themselves,  or  whether  they 
extended  their  commerce  to  so  distant  a  country  as  India  by  the  interven- 
tion of  foreign  aid  in  vessels  and  mariners.  The  latter  supposition  appears 
the  most  probable;  as  the  ships,  if  they  had  belonged  to  the  Egyptians^ 
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might  be  supposed  to  have  been  built  nearer  their  own  country^  and  in 
that  case  they  mighty  with  greater  advantage^  have  brought  their  cargoes 
into  the  Red  Sea,  and  thus  have  avoided  the  tediousness  and  danger  of 
orossing  the  deserts.  This^  at  a  period  soon  aAer  the  estabUshment  of  the 
Egyptian  monarehy^  was  doubtless  a  great  effort,  by  whatever  people  it  was 
made;  as  the  timidity  and  inexperience  of  that  age  rendered  it  necessary 
for  ships  to  pursue  a  slow  and  dangerous  course  within  sight  of  land,  and  the 
want  of  inteUigence  and  skill  made  it  more  dangerous  to  commit  themselves 
to  the  uncertainties  of  the  boundless  ocean.  But  it  does  not  appear  that 
this  commerce  was  carried  on  for  a  long  period;  but  that  as  the  Egyptians 
became  the  victims  of  debasing  prejudices,  their  aversion  to  the  sea  over- 
came aU  considerations  of  advantage  arising  from  distant  foreign  commerce. 
They  contented  themselves  with  the  produce  of  their  own  fertile  country, 
and  with  that  of  those  countries  which  their  caravans  were  sufficient  to 
trade  with;  and,  at  the  same  time,  they  excluded  from  all  intercourse  with 
themselves,  those  foreigners  who  were  desirous  of  trading  with  them  from 
other  parts  of  the  Mediterranean. 

The  Phoenicians  became  the  most  distinguished  people  of  antiquity 
fi>r  their  enterprising  chsoncter,  their  mercantile  habits,  and  their  maritime 
voyages.  The  insular  Tyre  succeeded  to  the  city  of  the  same  name,  which 
had  been  destroyed,  and  becume  the  centre  of  commerce  and  ''the  mart  of 
nations.^'  The  opulence  of  Tyre  was  a  theme  on  which  the  ancients  dilated ; 
with  animated  fervour  she  was  called  ''the  golden  city;^^  her  arts  and 
manufactures  contributed  also  greatly  to  her  renown,  and  she  was  styled 
"  the  mother  of  crafts.^'  But  for  the  variety  of  her  merchandise,  the  extent 
of  her  inflnencei  and  the  abundance  of  her  wealth,  she  was  dependent  almost 
wholly  on  the  commerce  which  she  carried  on  by  sea.  This  eminent  city 
enjoyed  a  long  period  of  great  prosperity ;  and  had  ages  of  success,  un- 
clouded by  the  emulation  and  envy  of  a  rival,  and  surpassed  her  predecessor 
in  name,  in  whatever  was  great  in  commerce,  arts,  and  intelligence. 

Commerce  was  the  object  for  which  the  Phoenicians  held  maritime  pur- 
suits in  estimation.  The  northern  coast  of  Africa,  and  the  southern  and 
western  parts  of  Europe,  were  places  of  intercomrse  and  traffic,  from  which 
merchandise  was  imported  into  Tyre.  And  it  has  been  considered  by  some 
writers,  that  the  Phoenicians  found  purchasers  for  their  wares,  in- the  Syrians 
who  are  siqiposed  to  have  carried  on  a  considerable  trade  overland  with  the 
countries  towards  the  east.  They  not  only  devoted  themselves  to  commerce 
with  the  greatest  diligence,  but  they  aimed  with  the  utmost  cautiousness  at 
preserving  its  advantages  by  the  sea,  entirely  to  themselves.  And  they  are 
said,  for  this  purpose,  to  have  been  extremely  careful  in  their  efforts  to  con- 
ceal from  others  the  destination  of  their  fleets,  and  to  keep  them  unac- 
quainted with  the  situation  of  distant  ports  to  wliich  their  voyages  were  per- 
formed ;  when  a  vessel  was  in  sight  which  was  regarded  as  a  spy,  they  would 
incur  the  greatest  liazard,  even  the  loss  of  their  vessels,  rather  than  lead 
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otliers  into  tlie  paths  of  opdcnce,  whicli  they  had  discovered  by  persevering 
enterprise^  and  from  the  advantage  of  which  jthey  were  most  anxious  to 
.exclude  all  rivalry. 

A  writer  of  the  present  day  states^  that  '^  their  larger  vessda  were  of  two 
sorts^  being  divided  into  round  ships  or  gauUy  and  long  «hips^  galleys^  or 
trireities.  When  they  drew  up  in  line  of  battle^  the  gauli  were  disposed  at 
a  small  distance  from  each  other  in  the  wings^  or  in  the  van  and  the  rear; 
whilst  their  triremes  were  contracted  together  in  the  centre,"  The  conr 
struction  of  the  ancient  vessels  is  but  very  vaguely  expressed  Jl)y  the  names 
they  bore.  The  terra  trireme  signified  that  three  tiers  or  banks  of  oars  were 
used  to  propel  the  vessel  that  was  so  des^gnajied.  But  in  what  manner  the 
tiers  of  oars  were  disposed,  appears  to  be  extremely  difficult  of  elucidation. 
Various  conjectures  have  been  formed,  and  much  ingenuity  employed  tode- 
termine  this  point ;  but  a  number  of  considerations  which  are  not  very 
obviously  reconcilable,  when  applied  to  the  most  important  of  the  ancient 
vessels  that  were  propelled  by  oars,  make  us  form  our  conclusions  on  this 
subject  with  some  degree  of  diffidence.  The  accompanying  engravings  of 
triremes  have  been  given  by  different  ajuthors,  from  information  or  sources 
to  which  they  had  access.  They  are  given  here  merely  z^  illustrations 
of  what  it  has^  been  conceived  this  description  of  vessels  was,  -vdthout 
much  confidence  in  their  accuracy.  {Plate  2,  according  to  B.afius^  >$idioefferj 
And  others.) 

>It  is  concluded  from  some  passages  in  ^cient  authors,  that  the  Phoenix- 
cians  extended  their  voyages  as  far  as  Britain,  or  at  least  the  Scilly  Islands, 
which  the^assUerides  to  which  they  traded  for  tin,  are  supposed  to  have  been. 
But  on  this  point  the  information  that  has  come  down  to  us,  although  it 
iraay  have  a  tolerable  degree  of  probability,  falls  short  of  certainty.  There 
43aQ  ha  little  doilbt  that  they^vi$ited  all  those  parts  of  the  Meditesranea^ 
and  the  Black  Sea,  wliere  they  found  adeqi&ate  induceioents  in  ^traffiq. 
But  beyond  the  Strdts  of  Gades,  or  Gibraltar,  their  course  appeacs  to  b^, 
to  a  great  extent,  a  matter  of  conjecture.  The  fact  that  they  traded  to  the 
jnore  southern  parts  of  the  world,  is  highly  probable,  if  not  absolutely  cer^ 
tain.  The  possession  of  a  convenient  port  in  the  Red  Sea  enabled  them  to 
build  ships  to  navigate  the  Indian  Ocean.  The  merchandise  which  these 
ships  obtained  in  either  iVfrica,  India,  or  the  islands  of  the  ocean,  was 
brought  to  Elath,  an  important  commercial  town  on  the  shore  of  the  Bed 
3ea.  This  place  continued  during  successive  ages  to  be  a  famous  seaport, 
from  which  mercantile  fleets  made  long  voyages,  and  brought  into  it  the 
produce  of  distant  regions,  enriching  the  coimtries  to  which  it  happened  to 
be  subject. 

This  was  the  case  in  the  reigns  of  David  and  Solomon,  whose  fleets  sailing 
from  Elath,  brought  back  from  distant  parts  immense  wealth  in  precious 
metals  and  stones, — ^by  which  the  kingdom  of  Israel  was  raised  in  opulence 
.beyond  aU  precedent, — ^besides  other  articles  of  luxvwy  and  gratification.  Thi^ 
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traffic  appears  to  hme  been  carried  on  in  connection  with  the  T}Tiaus, 
whose  ingenuity  and  enterprise  were  known  and  appreciated  by  David  and 
Solomon.  Hence  it  appears  that  the  possession  of  means  to  carry  on  an 
extensive  commerce  by  sea^  and  the  diligent  use  of  those  means^  led  to  the 
aggrandisement  of  the  country  to  which  the  trade  of  this  place  was  attached. 
''Ships  of  Tarsliiah'^  appears  to  have  been  a  general  phrase  for  ships  of 
considerable  magnitude.  Probably  the  celebrity  in  building  ships  to  which 
the  people  of  Tarshish  or  Tarsus,  in  Cilicia,'  had  attained,  rendered  the  ap- 
plication of  the  term  distinctive  of  some  superiority  by  which  they  were 
cliaracterized ;  and  thus  the  appellation  became  distinctive  of  large  ships  in 
gener&li  Those  which  performed  voyages  of  three  years  from  the  Red  Sea, 
are  called  likewise  "  sliips  of  Tarshish  "  or  ''  Tharslush.'' 

According  to  ancient  authors,' some  extensive  voyages  were  performed 
from  the  Bed  Sea.  Herodotus  and  Pliny  record  similar  voyages,  as  that 
undertaken  and.  performed  in  the  reign  of  Necho,  king  of  Egypt.  Hero- 
dotus^ it  appears^  received  his  information  from  some  Egyptian  priests,  and 
discredited  their  testimony  on  the  ground  that  the  navigators  affirmed, 
that  when  passing  to  the  south  of  the  African  continent  they  saw  the  sun 
towards  the  north ;  a  statement  which  appears  to  be  strong  evidence  of  the 
authenticity  of  the  narrative.  Three  years  were  occupied  in  making  the 
circuit  of  Africa, — ^the  Phoenician  voyagers  returning  by  the  Pillars  of 
Hercules^  and  up  the  Mediterranean  to  Egypt.  Other  voyages  of  similar 
character  were  performed  at  subsequent  periods.  And  Carthage,  the  off- 
spring of  PlKBnidai  sent  out. fleets  on  voyages  of  discovery  to  the  north  and 
south.  After  they  had  entered  the  Atlantic  Ocean^  they  are  said  to  have 
traced  the  western  coast  of  Europe,  and  to  have  visited  Britain ;  those  that 
took  the  southern  course,  advanced,  it  is  said,  nearly  to  the  line,  examixung 
in  tlieir  progress  the  coast  of  Africa;  and  discovered  the  islands,  in  the 
Atlantic  Ocean,  wliich  in  modem  times  have  been  called  the  Canaries. 

Hitherto  ship-building  and  navigation  have  been  considered  in  inunediat^ 
connection  with  the  engagements  of  commerce  and  discovery ;  as  these  two 
pursuits,  so  intimately  connected,  appear  to  have  been  the  only  objects  in 
which  fleets  were  directly  engaged.  For  although  the  Phoenicians  some- 
times committed  acts  of  violence  and  piracy,  yet  their  object  in  doing  so 
seems  to  have  been  to  prevent  any  from  following  them  to  their  destination, 
besides  their  friends  and  colonists^  as  the  Cai-thaginians  and  others ;  and  to 
preserve  to  themselves  the  valuable  secret. 

But  when  a  knowledge  of  the  art  of  ship-building  was  acquired  by  the 
Greeks,  it  became  subservient  to  very  different  pursuits.  Tlie  Greeks, 
eminent  for  their  refinement  and  greatness,  were  jealous  of  any  rivalry  in 
their  neighbours  which  might  elevate  them  to  similar  distinctions.  The 
intercourse  which  tended  to  equalize  the  advantages  of  different  coimtries,  to 
exalt  their  intelligence,  and  refine  their  manners,  was  inconsistent  with  the 
supremacy  of  one  small  nation  in  the  midst  of  the  earth.     Addicted  to  arms. 
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and  glorying  in  the  elevation  to  which  their  arms  had  raised  them,  they 
If  ould  readily  emjdoy  the  arts  of  ship-btdlding  and  navigation^  for  the  pur- 
poses of  Mrnr,  to  render  themselves  the  more  formidable.  Poetry  and  history 
concur  in  showing  in  what  estimation  the  power  derived  from  a  knowledge 
of  these  arts^  was  held  by  the  Greeks.  The  glowing  imagination  that  was 
employed  to  embellish  the  narrative  of  the  voyage  p^onned  by  the  ship 
ArffQ,  is  evidence  of  the  glory  that  was  supposed  to  have  been  derived  from 
the  successful  expedition  of  Jason.  Let^  however^  the  whole  of  this  tale  be 
regarded  as  a  fiction,  stiU  the  manner  of  celebrating  even  a  fictitious  adven- 
tuie,  shows  the  regard  which  is  attached  to  its  analogies  in  reality.  The 
testimony  of  antiqtdty  assigns  to  the  earliest  efforts  of  navigation  by  the 
Greeks,  the  character  of  violence ;  eithar  in  lawless  descents  for  plunder  on 
neighbouring  states,  or  in  open  and  equal  war.  And  until  the  time  of 
Alexander,  the  maritime  power  of  Greece  seems  to  have  been  employed  {Mrin- 
cipally  in  war.  But  when  that  great  conqueror,  in  his  eight  months  si^e 
of  Tyre,  witnessed  the  results  of  commercial  pursuits  in  the  immense  wealth 
of  that  city,  he  became  ambitious  to  add  the  ridies  of  commerce  to  the  dis- 
tinctions of  military  conquests.  With  that  view  he  built  Alexandria  in 
Egypt,  after  he  had  subdued  that  country  under  his  own  sway.  By  this 
means  he  considered  the  traffic  of  the  East  and  West  might  be  secured. 
And  such  was  the  success  of  this  measure^  that  it  is  said  that  the  diversion 
of  commerce  which  it  led  to,  was  more  injurious  to  the  TjTians,  than  the 
destruction  of  their  dty  which  had  preceded  it. 

The  Greek  vessels  bore  the  general  name  of  galleys ;  but  this  name  was 
applicable  to  vessels  of  considerably  varied  capacity  and  power.  They  were 
distinguished  according  to  the  arrangement  of  oars,  by  which  they  were 
propelled;  as  the  bireme  {Plate  3,  from  Bafius)  with  two  tiers  of  oars, 
although  Bafius  gives  a  bireme  with  one  tier  of  oars  only  (Plate  4) ;  the 
trireme  {Plate  2)  with  three  tiers,  the  heptereme  {Plate  5),  and  so  on,  ac- 
cording to  the  nimiber  of  banks  of  oars  that  were  used.  But  those  who  have 
endeavoured  to  determine  what  was  the  description  of  the  ancient  galleys, 
have  found  great  difficulty  in  the  investigation  of  the  subject,  owing  to  the 
uncertainty  of  the  manner  in  which  the  rowers  were  placed.  Endeavours 
have  been  made  to  produce  plans  in  which  it  has  been  attempted  to  reconcile 
the  various  ideas  associated  with  the  ancient  galleys.  But  the  most  probable 
appears  to  be  that  whidi  supposes  each  bank  to  consist  of  a  given  number 
of  oars  placed  obliquely,  with  such  a  perpendicular  distance  between  them, 
BA  to  allow  the  inner  end  of  the  second  oar,  being  worked,  to  pass  clear 
of  the  head  of  the  man  who  was  working  the  first ;  and  so  on  successively, 
whether  the  tier  of  oars  consisted  of  three,  four,  or  five.  On  this  supposition 
the  ntmiber  of  tiers  of  oars  would  relate  only  to  the  length  of  the  galley, 
other  considerations  in  her  construction  not  requiring  to  be  materially 
varied.  They  were  doubtless  improved  upon  by  the  Greeks,  during  the 
lengthened  period  in  which  science  aijd  the  arts  flourished  amongst  them. 
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It  is  not  now  pesaiUe  to  aiTivc  at  any  accmi\te  knowledge  of  the  steps  by 
which  thcOreeks  improved  the  construction  of  their  vessels.  But  the  very 
-superior  character  (^  those  whidi  composed  their  navies  in  the  most  flourish- 
ing periods  of  Grecian  hiBtory,  shows  that  naval  architecture  must  have 
been  studied  with  a  rcferetoCe  to  scientific  principles,  and  with  the  same  zeal 
for  eminence  that  led  them  to  excel  in  other  arts  and  sciences. 

Until  a  comparatively  late  period  in  the  empire  of  it/ome,  the  Romans 
held  maritime  pursuits  in  the  lowest  estimation  3  being  ahnost  wholly  uta- 
-acquainted  with  the  art  of  building,  aaid  esteeming  the  life  of  a  mariner 
unworthy  of  a  citizen  whose  rank  would  entitle  him  to  be  admitted  into 
the  legions.  Tbexr  miKtary  successes  raised  them,  by  a  progressive  ad- 
vancement^ to  that  signal  eminence,  in  which  they  held  almost  every  civilized 
state  and  nation  in  subjection.  And  what  remained  for  a  navy  to  accom- 
plish? One  city  was  yet  its  rival.  Carthage,  the  opuleirt  and  brave  city, 
the  offi^ring  of  Phoenicia,  whose  commercial  popuhition  imitated  the  iiabits, 
and  etnulatcd  the  greatness  of  Tyre,  was  the  conspicuous  object  of  envy 
and  hatred  of  the  Romans.  Prom  the  time  wlicn  Tyre  ceased  to  hold 
the  sovereignty  of  the  seii,  the  Carthaginian  iloets  werfc  supreme  in  every 
part  of  the  Mediterranean.  And  it  is  said  that  the  Romans  acquired  U 
knowledge  of  constructing  vessels  from  a  Catrthaginian  galley  that  ran 
ashore  on  their  coast ;  but  the  time  when  they  iii'st  turned  thnii*  attention 
to  naval  pursints  is  miccrtain.  It  appears,  that  belbre  the  liomaixs 
attained  to  great  power,  they  were  subject  to  considerable  restriction. 
Burchett,  in  his  history,  mentions  a  treaty  between  them  and  the  Taren- 
tines,  by  which  the  Romjuis  were  bound  not  to  extend  their  nangation 
beyond  certain  limits.  The  fiict  of  such  a  treaty  banning  been  formed, 
implies  the  possession  of  vessels  by  the  Romans,  and  that  the  naval  power 
of  that  people  was  low.  The  notices  ^vliich  we  have  of  the  exercise  of  that 
power,  render  -it  highly  probable  that  when  they  advaucc^l  to  some  degree 
of  importance  at  sea,  their  navy  was  quite  a  subordinate  institution  in  rela- 
tion to  the  other  establishments  of  tlie  empire.  The  rapidity  with  whidi 
they  built  a  considerable  number  of  vessels  when  a  fleet  was  required, 
rendei^  it  highly  probable  that  no  reguhir  nuval  cstablbjlimeiit  was  main- 
tained by  tiiein ;  but  that,  %vlicn  war  rsndered  an  expedition  necessary,  the 
means  of  undertalmig  it  were  provided  in  the  most  cxixMiitious  manner. 
And  it  does  not  seem  that  such  a  practice  would  iiivOlv<^  any  material 
inconvcnienife  in  the  ages  of  Roman  splendour,  when  few  navies  existed, 
and  naval  \tarfare  was  but  little  pl-actised,  and  when  therefore  there  was 
little  opport^iiiity  of  gaining  by  sea  that  distinction  in  arms,  which  was  held 
in  such  high  estimation  by  the  Romans ;  and  the  inferior  regard  wliich  was 
had  to  commence,  supplied  few  incentives  to  those  pursuits  which  would 
require  ftefetss  to  be  in  constant  fitness  for  sea.  The  widely-extended  con- 
quests by  wfiicli  the  Romans  brought  so  many  foreign  states  under  their 
own  sway,  at  length  rendered  an  alteration,  with  regard  to  na\'nl  poweV, 
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highly  important ;  and  as  the  service  of  a  navy  became  an  object  of  con- 
sideration; they  showed  the  greatest  ardonr  to  establish  their  tame  nr 
ffrndy  hf  theit  limritime  achievements  as  they  had  by  their  militaiy  oott- 
quests;  And  when  opposed  to  a  powerful  enemy^  Ihey  employed  large 
fleets^  in  which  they  exhibited  a  mtost  formidable  array  of  power.  Th^* 
civil,  as  well  as  the  natiohal  wkn,  in  which  they  we^  engaged,  shovr 
with  how  much  reJtdiitess  and  energy  fleets  oonld  be  prepared  and  em- 
ployed. GhiUeys  i^pear  to  have  formed  the  jfrincipal  part  of  their  fleets; 
but  hotv  Ceut  tUey  caxried  improvement  in  the  donstmction  of  that  descrip- 
tion of  vessels  is,  perhapis,  not  to  be  easily  ascertained.  Bireides,  triremes, 
kad  quinqueremes,  appear  to  have  been  in  very  octamon  use. 

But  when  the  dominion  df  fhe  world  was  attained  by  the  Romans,  and 
they  became  masten)  6f  the  trade  of  the  East,  their  vessels  were,  ho  doubt, 
constructed  with  d  greater  regard  to  the  violence  of  the  ocean.  For  it 
.  appeita  from  Pliny,  that  they  became  acquainted  with  the  periodical  pre- 
VRledCe  of  the  monsoons,  and  performed  their  voyages  from  the  Arabian 
Oulf  to  India  and  back,  at  the  seasons  which  were  most  fEtvourable  to  the 
navigation  of  the  Indian  ocean.  Yet  eA  it  itras  the  custom  of  the  Bomans 
'to  allow  the  peopk'  in  the  pi^vihoes  bi^ilght  under  their  own  power  to  con- 
tinue their  habits  6f  indttstry  and  traffic,  with  no  other  restriction  than  & 
bontribution  which  they  required  from  the  profits  of  it  to  enrich  them- 
selves, it  is  probable  that  the  provindal  citizens  of  Alexandria  continued 
the  Indian  trade,  itnd  that  the  Bomaos  themselves  had  but  little  to  dtt 
with  it; 

The  Romans  i^ere  the  first  of  those  ancient  nations  ^ho  visited  Britain, 
that  have  left  any  account  of  the  island  which  they  visited,  Csesar,  the 
bonqueror  of  the  Britons,  described  them.  They  Irere  then  in  their  rudest 
state.  The  insular  character  of  their  country  must  have  led  them  to  acquire 
a  knowledge  of  the  .sea.  They  were  in  the  habit  of  crossing  the  Channel 
for  commercifll  pfirpose^;  ndt  only  with  Gaul,  but  with  other  nations  farther 
hbfth:  The  kncient  Britons  appear  to  have  had  a  high  regard  for  com- 
inerce;  they  not  only  practised  it  themetelves,  but  they  were  visited  by 
foreigners  who  traded  with  them;  Nor  were  any  persons  allowed  to  visit 
their  shores^  except  they  came  for  purposes  of  traffic;  and  even  these  were 
regiarded  with  so  much  jealoilsyj  that  they  were  allowed  to  go  only  so  far  as 
the  business  they  were  engaged  in  required^  and  were  net  permitted  to  have 
access  to  the  interior  of  the  island;  We  read  of  the  boats  of  the  ancient 
Britoni  being  forlned  of  Richer  wdrk^  covered  with  hides ;  and  these  were> 
perhaps;  bbmmonly  uiSed  for  the  pulrpose  of  fishing  in  the  rivers.  But 
it  mtist  by  no  ineanA  be  6uppo6ed>  that  the  ancient  inhabitants  of  this 
island  possessed  no  vessds  of  superior  construction  and  power;  For  it 
tqipears  a  remarkable  fiict,  i:hat  from  the  most  remote  period  to  which  the 
history  of  the  British  islands  extends,  the  people  who  could  command  the 
critisU  Channel  could  command  the  islands.     The  Britons  themselves 
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miiintained  such  fleets  as  enabled  them  to  exercise  this  power.    It  was  the 

I 

importance  which  they  derived  from  the  maintenauce  of  fleets^  that  rendered 
their  alli^ce  valuable  to  their  continental  neighbours.  And  they  were  in 
the  habit  of  maintflining  a  commercial  intercourse  with  the  countries  on 
the  oontident^  and  of  assisting  their  friends  on  the  opposite  coast  with  the 
service  their  vessels  coruld  perform^  in  the  wars  in  which  they  were  en- 
gaged. Thffc  ii««ifttn.npj*  tTiftv  renilftrftd  to  the  Gauls  is  conclusive  evidence 
of  t^e  re^fprd  which  was  had  to  a  a^yi^^y^  ^sftaHislmient,  and  ot  tfie 
eristen^  of  yoweJr  in  that  qf  t.hft  ttritona.  But  the  invasion  and  conquest 
ot  their  island  by  the  Romans^  under  Gs^sar^  reduced  to  a  very  low  state^  if 
it  did  ndt  dcSstroy  the  maritime  power  of  these  people.  And  when  the 
Romans  ruled  the  i&land^  the  jEK)Sse88ion  of  a  similar  force  became  of  the 
first  jmportance  to  thn  Btability  irf  their  possession.""  Fdr  the  northern 
nations  of  the  continent  of  Burope  now  had  navies^  .and  were  in  the  habit 
of  making  piratical  expeditions  against  their  neighbours.  This  violence  had 
riseti  to  a  mischievous  heighTuTlffie  Tatter  pait  of  the  tliird  century;  and 
it  was  resolved^  by  the  Emperor  Masdmian^  to  make  a  strong  effort  to 
suppress  it.  For  this  purpose  a  large  fleet  was  fitted  out^  and  entrusted  to 
the  command  of  Carausius^  whose  experience  pointed  him  out  as  highly 
qualified  for  the  service.  Gessoriacum  (Boulogne)  was  the  principal  station 
of  his  ships.  This  officer  had  not  been  long  invested  with  the  trusty- 
before  he  was  accused  of  violating  it^  by  misappropriating  the  prizes  he  ob- 
tained; and  Maximian  ordered  him  to  be  put  to  death.  Intelligence  dt 
this  order  reached  him  so  early^  that  he  had  an  opportunity  of  escaping 
the  consequences  of  it.  He  therefore  sailed  with  his  fleet  across  the 
channel;  and  landed  in  Britain.  Here  he  engaged  the  Roman  legion  that 
was  in  the  island  to  supx)ort  him  in  his  pretensions ;  and  he  caused  himself 
to  be  proclaimed  emperor.  A  fleet  was  the  only  force  on  which  he  could 
depend  for  maintaining  the  dignity  he  had  assumed^  and  he  therefore  paid 
the  greatest  attention  to  the  improvement  of  his  navy.  Being  strong  in 
the  dominion  of  the  seii^  he  completely  vanquished  a  fleet  which  the  joint 
emperors  of  Rome  sent  against  him,  and  compelled  them  to  acknowledge  his 
independent  sovereignty;  which  he  maintained  for  seven  years^  at  the  end 

1»f  which  he  was  assassinated.  It  was  during  the  period  of  his  government 
hat  the  fl<^fa  r^f  ^^tflin  "^a^"'^***^  a  more  extensive  power  and  influence 
han  they  had  before  attained;  ibr  they  not  only  rode  tiiumphjuifly  in  the 
narrow  seas,  but  extended  their  voyages  to  the  shores  of  Africa^  and  as- 
sumed the  right  of  giving  laws  in  the  Atlantic  ocean.* 

Soon  after  this,  the  maritime  power  of  Rome  declined  rapidly.  The 
naval  interest  of  the  empire  was  neglected^  and  the  fleets  went  to  decay; 
A  civil  war,  in  the  bediming  of  the  fottHb  cpntiuy,-oaHed  into  activity  the 
utmost  naval  force  that  could  be  obtained;     Constantino,  in  order  to  secure 


*  Macphcrson,  Vol.  I.  p.  204. 
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to  himself  the  whole  Roman  empire,  against  the  ambitious  objects  and 
intrigues  of  his  brother-in-law,  Luciiiins,  whose  station  in  the  army  was 
such  as  to  render  him  a  formidable  enemy  in  the  state,  involved  his  conntry 
in  a  civil  war.  When  these  rivals  for  the  empire  collected  their  fleets  in 
the  yeai*  323,  it  may  be  supposed  that  tlie  forces  engaged  on  both  sides 
comprised  probably  the  entire  naval  force  of  the  Roman  empire,  and  its 
provinces  bordering  on  the  Mediterranean  sea.  The  fleet  of  Constantine 
consisfted,  according  to  Zozimus,  of  200  small  warlike  vessels,  of  30  oars 
each,  supplied  by  Greece,  and  aboA^e  2000  transports,  of  the  size  of  wliich 
we  have  no  infonnation.  That  of  Lucinins  is  stated,  by  the  same  author, 
to  have  consisted  of  350  vessels,  eighty  of  wliich  were  furnished  by  Egypt, 
eighty  by  Phojnicia,  sixty  by  Ionia  and  Doria,  thirty  by  Cyprus,  twenty  by 
Coria,  thirty  by  Bythinia,  and  fifty  by  Africa. 

It  was  not  long  after  this,  that  an  extraordinary  eflbrt  was  made  to  con- 
struct a  vessel  of  unusual  dimensions  for  the  conveyance  of  an  obelisk  from 
Egypt  to  Rome.  This  was  the  obelisk  wliich  had  been  placed  before  the 
Temple  of  the  Sun  at  Heliopolis,  and  wldch,  from  its  immense  magnitude, 
had  been  spared  by  those  foreigners  who  had  previously  acquii*ed  and  held 
the  dominion  of  Egypt.  The  removal  of  this  ^splendid  remnant  of  ancient 
art  appeared  to  Constantine  worthy  of  a  great  emperor.  He  caused  it 
to  be  taken  from  the  pedestid  on  which  it  had  stood  from  the  remote 
periods  of  antiquity,  and  conveyed  on  rafts  to  Alexandria.  And  though  the 
death  of  Constantino  arrested  the  progress  of  the  undertaking,  it  was  not 
relinquished ;  for  the  son  and  successor  of  Constantine  determined  to  have 
it  conveyed  to  Rome.  For  this  purpose  he  Caused  a  ship,  of  suitable  capa- 
city, to  be  built.  The  obelisk  was  115  feet  in  length;  and  it  has  been  said 
that,  upon  the  most  moderate  computation,  the  weight  of  it  eotild  not  have 
been  less  than  fifteen  hundred  tons.  Now,  a  vessel  suited  to  the  convey- 
ance of  this  obelisk,  must  have  been  130  or  150  feet  long,  and  of  at  least 
800  or  1000  tons  burthen,  and  the  strength  of  the  fabric  must  likewise 
have  been  very  considerable  to  be  caniiblc  of  recoiling  on  board  so  ponder- 
ous a  mass  of  material. 

Early  in  the  next  ccntuiy  the  Vandals  became  formidable  in  the  progress 
of  tlicir  wars  and  ravages  in  the  west  of  Europe.  Spuiii  was  conquered  by 
them.  In  the  year  439  they  passed  over  to  Alrica,  under  Gcnscric ;  and, 
coiinucrinjic  Carthage,  that  citv  became  the  seat  of  the  Vandid  emnire  in 
Afiica.  Not  satisfied  with  conquering  the  Roman  provinces,  Gcnscric 
tlircatcned  the  safety,  and  even  the  existence  of  the  Roman  power  in  the 
west.  Theodosius  was  at  this  time  the  Roman  emperor  in  the  east ;  and 
he  had  been  careful  to  secure,  as  much  as  possible,  the  use  of  fleets  to  his 
own  cmph*e  and  its  provinces,  by  attaching  the  penalty  of  death  to  t% 
offence,  in  any  of  his  subjects,  of  teaching  the  art  of  ship-building  to  any 
foreimcrs  wlio  were  not  under  the  Roman  swav.  And  whdst  the  force  of 
law  was  so  severely  restrictive,  the  building  of  vessels  in  the  empire  of 
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Rome  appears  to  have  been  attended  to  with  considerable  care.  For  when 
Theodosius  prepared  to  withstand  the  aims  of  the  Vandal  prince,  eleven 
hundred  large  shijis,  it  is  said,  were  fitted  out  to  join  the  forces  of  the 
west.  But  this  armament  proceeded  only  as  far  as  Sicily,  and  in  the  end  it 
accomplished  no  part  of  the  object  for  which  it  had  been  designed.  The 
Vandals,  therefore,  invaded  Italy,  and  sacked  the  city  of  Rome  in  July, 
455.  Thus,  whilst  Theodosius  had  with  considerable  poUcy  provided  for 
the  defence  of  his  empire,  a  want  of  skill  in  the  conduct  of  his  officers 
rendered  all  his  naval  preparations  unavailing,  in  the  service  to  which  they 
had  had  reference. 

Subsequently  to  the  disastrous  invasion  of  the  Roman  empire,  the  naval 
power  of  the  Mediterranean  declined  from  its  importance,  as  warfare  was 
confined  jaincipally  to  the  land.  And  the  only  people  who  possessed  a 
fleet  of  any  consequence  in  that  sea,  for  some  time,  were  the  Sarjicens. 
Little  is  known  of  the  mechanical  skill  employed  in  the  construction  of 
their  vessels ;  nor  does  it  fippear  that  they  maintained  a  constant  succes- 
sion of  fleets  in  the  Mediterranean.  Yet  whilst  they  paid  a  due  regard  to 
the  pursuits  erf  navigation,  they  were  very  formidable  in  that  sea.  Twice 
the  city  of  Constjoitinople  was  besieged  by  their  fleets, — in  the  years  G68 
and  716.  The  fleet  employed  on  the  latter  occasion  amounted,  it  is  said, 
to  1800  vessels,  and  twcntj''  of  these,  which  were  called  large  sliips,  carried 
a  hundred  soldiers  each.  The  distinction  marked  by  this  statement  implies 
the  inferiority  of  the  rest,  a  large  number  of  which  were  probably  of  very 
small  dimensions.  Both  of  these  fleets  were  almost  entirely  destroyed  by 
the  famous  Greek  fire,  which,  when  it  was  poured  forth  by  the  besieged 
upon  the  ships,  burnt  with  inextinguishable  force,  unchecked  by  the  Water 
that  was  thrown  upon  it.  Notwithstanding  these  defeats,  the  Saracens 
continued  to  be  the  most  powerful  people  in  the  world,  m^untaining  a 
supremacy  upon  the  sea,  as  well  as  by  land ;  and  supporting  their  unrivalled 
greatness  by  an  extensive  commerce,  of  which  they  had  almost  the  entire 
control,  both  in  the  Mediterranean  sea  and  in  the  Indian  ocean.* 

About  the  middle  of  the  eighth  century,  the  Saxons  and  their  associates, 
who  had  settled  in  Britain,  appear  to  have  entirely  changed  their  national 
character  and  pursuits.  Their  maritime  power  had  been  neglected ;  and 
their  vessels,  not  haiing  been  for  a  long  time  called  into  use,  were  allowed 
to  fidl  into  a  state  of  perfect  inutility  on  the  shore.  And  the  consequences 
of  tliis  neglect  verified  the  opinion  which  had  long  before  been  held, — that 
he  who  commanded  the  narrow  soas,  might  command  the  British  Islands. 
For,  taking  advantage  of  the  defenceless  condition  into  which  these  islands 
had  sunk,  those  jxjople  on  the  shores  of  the  European  continent  who  had 
descended  from  the  same  ancestors,  as  the  Dimos,  Norwegians,  and  Nor- 
mans, and  who,  liaving  become  masters  of  the  northern  seas,  carried  on  an 


*  Mac-pherson,  Vol.  I.  pp.  2^1 — 5. 
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extensive  prftctice  df  piracy^  visited  the  British  coaats^  and  gratified  their 
rapacity  and  their  tyiuimy ;  whilst  the  natives^  having  neglected  the  means 
of  defence^  were  able  to  offer  no  effectnal  resistance;  and  consequently^ 
became  involved  in  numerous  and  severe  disasters/ 

The  following  is  the  description  of  a  galley  .built  about  this  fime^  as  given 
m  Mr.  Strutt^s  Chronicles  of  England :  "  The  form  of  the  Saxon  ships  at 
the  end  of  the  eighth  centmyyor  in  the  beginning  of  the  ninths  is  happily 
preserved  in  some  of  the  ancient  monuments  of  that  date.  Tbc^  were 
scarcely  ttkott  than  a  very  large  boat^  and  seem  to  be  built  of  stout  planks 
laid  one  over  the  other^  in  the  manner  that  is  in  use  in  the  present  time. 
Their  heads  and  stems  are  very  erect,  and  rise  high  out  of  the  water,  atnsL- 
mented  at  top  with  some  uncouth  head  of  an  animal  rudely  cut.  Tliey 
have  but  one  mast^  the  top  of  which  is  decorated  with  a  bird,  or  some  such 
device.  Tcf  this  mast  is  made  fast  a  large  sail,*  which/  from  its  nature  and 
Construction,  cotdd  only  be  Useful  when  the  vessel  went  before  the  wind. 
The  vessel  was  steered  by  a  large  oar  with  a  flat  end  very  broad,-  passing  by 
the  side  of  the  stem :  and  this  was  managed  by  the  pilot,  who  sat  in  the 
stem,  and  thence  issued  his  orders  to  the  mariners."  (Plate  6.) 

During  those  ages  of  intellectual  captivity  in  Europe,  when  refinementy 
and  almost  everything  that  was  great  and  ennobling  in  science  and  art, 
became  neglected  and  unappreciated,  it  is  in  vain  to  look  for  any  of  those 
efforts,  by  a  series  of  which  a  nation  rises  into  conspicuous  power  and  im- 
portance. Wherever  civilisation  had  distinguished  Society,  and  the  influence 
of  Rome  had  prevailed,  there  was  now  ka  almost  i^ntire  reign  of  ignorance, 
and  whatever  is  bad  in  association  with  it.  FeMr  of  the  states  of  £m*ope 
cultivated  the  arts  by  which  a  spirit  of  enterprise  is  engendered ;  and  those 
Ivhich  had  not  laid  aside  the  practice  of  maritime  occupations,  as  Genoa,  and 
a  few  other  cities  in  Italy,  felt  the  influence  of  the  wide-spread  debasement 
which  surrounded  them ;  and  remained,  to  a  great  extent,  regardless  of  those 
pursuits  and  enterprises  by  Which  cities  and  countries  of  old  had  aggrandised 
themselves,  and  stood  forth  as  examples  to  the  rest  of  the  nations.  No  vigor- 
ous maritime  enterprises  procured  the  benefits  of  commerce,  or  extended 
discovery  and  civilization  in  distant  parts.  Those  cities,  however,  retained  a 
portion  of  commerce,  and  had  ships  for  carrying  it  on ;  and  on  one  occa- 
sion, in  the  year  848,  when  Rome  was  threatened  by  the  SaiUcens,  thejr 
supplied  a  flec^t  to  defend  the  city.  But  the  Saracen  fleet  having  been 
much  damaged  by  a  storm,  the  city  was  saved  without  the  intervention  of 
the  armament  which  had  been  engaged  for  its  defence,  the  force  of  which 
Was,  therefore,  never  tried.* 

In  the  northern  parts  of  Europe  naval  affairs  received  some  degree  of  at- 
tention during  the  ninth  centuryi  Their  pursuits  by  sea,  which  were  gene- 
nerally  of  a  practical  character,  were  held  in  honourable  estimation  in  the 
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state  of  society  in  which  they  were  carried  on.  Noble  families^  of  which  the 
junior  members  were  incompetently  provided  for,  weie  not  considered  to  be 
dishonoured  by  fitting  out  vessels  and  leading  a  baud  of  men,  to  make  descents 
on  neighbouring  shores,  and  levy  contributions,  or  otherwise  enrich  them- 
sehres,  by  violently  carrying  off  the  wealth  of  those  whose  lands  they  happened 
to  visit.  Denmark  was  the  most  considerable  of  the  states  which  pursued 
maritime  euterprises.  The  rocky  and  dangerous  shores  of  their  coimtry 
obliged  the  Danes  to  have  greater  regard  to  the  strength  of  their  vessels  than 
some  of  the  neighbouring  states ;  fleets  of  strong  galleys  could  perform  the 
^voyages  which  they  had  occasion  to  make ;  and  such  vessels^  in  some  re- 
:8pects,  answered  the  jnincipal  purpose  for  which  they  were  required,  better 
-than  ships  of  considerable  bmrthen  would  have  done.  In  their  piratjical  ex- 
peditions, their  movements  in  these  vessels  were  quick,  their  descent  on  an 
.obnoxious  shore  suddx^n,  and  their  departure  easy.  And  as  it  iiras  not  gene- 
rally necessary  that  i;hey  .should  keep  the  sea  longer  than  the  time  i3ri:;cupicd 
in  making  their  passage  from  one  coast  to  another  in  the  Channel,  the 
North  Sea,  .oar  the  Baltic ;  there  were  few  powerful  inducements  for  them 
to  alter  the  construction  .of  their  vessels  juaterially,  until  the  efforts  of  navi- 
gation shQuld  extend  tl^ir  voyages  to  greater  length,  or  the  enterprises  of 
.commerce  should  require  vesse][s  of  greater  capacity. 

In  the  meantime,  England  was  bowed  doi^  beneaith  Ae  oppres- 
sive tyranny  of  the  Danes,  who  now  resided  in  large  numbers  on  the 
island :  nor  were  any  effectual  efforts  made  Jto  overcome  th^m^  until  the 
time  of  Al&ed,  who  ascended  the  jthrone  in  the  year  871.  ^he  first  part  of 
his  reiguvwas  distinguished  by  the  most  deplorablcdepression  of  his  kingdom ; 
it  was  a  period,  iudqcd,  for  the  juost  part  not  of  dominion,  but  of  r^ired  cour 
ocalment.  It  was,  however,  in  his  retirement  that  he  formed  the  grand 
.scheme  for  deUvcring  his  country  from  the  ravages  of  its  invaders.  And  when 
he  had  succeeded  in  driving  them  from  his  shores,  it  was  sufficiently  apparent 
to  him^ithat  no  army  which  he  coidd  command^  however  it  might  be  organised, 
would  be  able  to  protect  his  kingdom  from  the  foture  ravages  of  these 
enemies.  He  therefore  resokedjbo  meet  them  upon  that  element,  on  the 
dominion  of  which  tlie  jieauity  of  his  kingdom  depended ;  and  directed  his 
attention  immediately  to  the  £onuatioii  of  a  navy,  at  a  time  when  such  a 
power  was  almost  if  not  quite  extinct  in  his  dominions ;  and  hence  this 
^illustrious  prince  has  been  justly  called  the  father  of  the  British  navy.  He 
disdained  merely  to  imitate  those  whom  it  was  his  aim  to  conquer ;  and  built 
galleys  almost  double  the  length  of  theirs ;  and  in  every  way  superior  to 
thqm.  Tlie  elevated  genius  of  tlus  distinguished  prince  appears  to  have 
been  singularly  adapted  to  the  exigencies  of  so  calamitous  a  period  as  that 
in  which  he  lived ;  for,  fi*om  the  exalted  duties  of  the  throne,  donoi  to  the 
subordinate  duties  of  constructing  a  galley,  he  appears  to  have  distinguished 
himself  by  a  superiority  in  performing  whatever  he  undertook.  It  is  re.- 
^rded  that  he  foiled  the  plaj;i  for  the  constI:;^ction  of  these  3'esselsj  and 
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that  he  supermtended  tlie  building  of  them,  giving  the  necessary  direetions 
to  the  artificers  employed  upon  them.  Some  of  these  galleys  had  sixty  oara^ 
and  others  had  even  a  greater  number.^ 

The  large  sliips  of  Alfred  were  built  about  the  year  897 ;  and  the  first  aer- 
vice  in  which  they  were  employed  was  against  six  Danish  pirates  of  uncom- 
mon strength,  wliich  had  infested  the  Isle  of  Wight  and  the  neighbouring 
coast.  Nine  of  Alfred's  galleys  were  sent  out  against  them ;  and  these  ves- 
sels, being  of  superior  force  to  those  of  the  Danes,  drove  three  of  them  ashore, 
two  of  which  were  wrecked;  two  others  they  captured,  and  one  escaped  with 
only  five  raen.t  The  pohcy  of  Alfred  appears  to  have  been  appreciated  by 
Iiis  successors ;  and  the  vigour  with  which  it  was  acted  upon  in  subsequent 
reigns  justified  all  tlie  importance  that  he  had  attached  to  it. 

It  is  said  that  when  Edgar  ascended  the  throne  of  England  in  the  year 
959,  he  began  his  reign  by  a  method  of  government,  which  showed  that 
he  placed  his  chief  dependence  for  the  safety  of  his  kingdom  on  the 
fiourishing  state  of  his  navy.  He  established  a  naAy,  the  elements  of  wliich 
had  been  previously  formed;  and  encouraged,  with  the  greatest  care,  a 
maritime  disposition  in  his  subjects.  Various  accounts  have  been  given  of 
the  number  of  his  ships.  Roger  Hoveuden  may  perhaps  be  regarded  as 
credible  authority  in  this  case,  and  according  to  him,  the  navy  of  England 
consisted  of  three  thousand  six  hundred  vessels.  These,  it  is  said,  Edgar 
divided  into  tliree  fleets,  with  which,  during  the  summer,  he  sailed  round 
the  coast  of  England  and  Scotland ;  and  by  the  \dgilance  and  force  of  his 
fleets,  constantly  st'Vtioned  upon  the  coast,  he  prevented  invasion  during  his 
i*eign.  There  is  also  a  fact  mentioned  of  him  by  both  EngUsh  and  foreign 
historians,  which  shows  the  vigour  with  which  he  ruled ;  that  when  he  had 
subdued  a  number  of  inferior  states,  he  caused  eight  tributary  princes  to 
row  him  in  his  royal  barge  upon  the  river  Dee,  whilst  he  himself  managed 
the  helm. 

The  maintenance  of  the  navy  appears  now  to  have  been  conducted  on  a 
more  settled  plan.  The  nation  became  charged  \rith  providing  vessels 
sufficient  to  form  a  regular  establishment.  In  the  reign  of  Ethelred,  who 
succeeded  to  the  throne,  every  person  j)ossessing  three  hundred  and  ten  hides 
of  land  was  required  to  build  one  galle}' ;  and  the  owners  of  more  or  less 
land  were  assessed  for  the  same  purpose,  with  reference  to  the  quantity  of 
land  they  occupied.  These  were  victualled  and  manned  with  choice  soldiers ; 
and  the  principal  harbour,  which  was  the  rendezvous  for  the  fleets,  was  that 
of  Sandwich,  in  Kent. 

As  the  Danes  and  Saxons  increased  in  power  themselves,  they  became 
the  more  formidable  in  relation  to  those  countries  lying  within  the  limits  of 
a  modenslc  voyage :  and  their  piratical  excursions,  whicli  appear  to  have 
been  formerly,   to  a  great  extent,  those  of  private  adventurers,  assumed 
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in  time  more  of  a  national  character.  Princes  and  soverei^s  at  length 
took  the  lead  in  them ;  and  they  acquired  all  the  force  that  would  naturally 
result  from  sttch  an  alteration  in  the  conduct  of  them.  These  predatory 
invasions  were  deemed  an  honourable  mode  of  beginning  a  war;  and 
colonization  advanced  with  the  growing  power  of  navies.. 

The  Danes  formed  settlements  on  the  coasts  of  England^  Scotland,  and 
Ireland,  dming  the  tenth  or  in  the  beginning  of  the  eleventh,  century ;  and 
as  these  settlers  were  from  time  to  time  strengthened  by  an  increase  of  ad- 
venturers from  their  own  country,  they  became  so  strong  in  their  colonies,. 
that  their  residence  was  a  most  grievous  cppression  to  the  natives.     The 
latter  rose  at  length  against  their  invaders  by  order  of  Ethelred  the  Second,. 
in  1002;  many  of  tlie  settlers  were  put  to  death;  and  the  rest  escaped  that 
catastrophe  by  cmbarlung  with  the  utmost  precipitation.     This  measure. 
iMTought  new  calamities  upon  England.     Swain,  king  of  Denmark,  in  order 
to  avenge  the  death  of  so  many  of  his  countrymen  and  the  expulsion  of 
the  rest,  invaded  England  about  the  year  1013 ;  and  being  encouraged  by 
many  persons  of  importance  who  were  of  Daniah  extraction,  he  set  up  an 
elective  claim  to  the  throne  of  England.     He  was  encouraged  in  this  bold 
project,  if  not  ohginally  prompted  to  it,  by  a  general  defection  on  the  part 
of  the  Saxon  subjects  from  their  king,  Edmund  Ironside,  who  retired  into 
Normandy,  whence  he  was  recalled  by  his  own  subjects  in  the  following  year, 
at  the  commencement  of  which  Swain  had  died ;  and  the  Danish  subjects 
had  declared  in  favour  of  his  son  Canute.     The  Saxons  now  supported  the 
right  of  their  o\ni  king ;  and  a  mutual  agreement  was  entered  into  between 
the  two  rivals,  that  the  survivor  should  inherit  the  throne.     By  virtue 
of  thi»  arrangement  the  sovereignty  of  England  de\'olved  upon  Canute,  in 
the  year  1017,  Edmund  having  died  shortly  after  his  return  from  exile. 

This  transfer  of  the  sovereignty  from  the  Saxon  to  the  Danish  Une, 
appears  to  have  been  materially  connected  with  the  relative  naval  power  of 
the  tivo  contending  parties  in  the  countn'.  Pre^dously  to  this  event,  the 
Danes  had  maintained  their  possession  of  territory  by  the  same  means  that 
they  had  acquired  it.  Beyond  the- exertion  of  superior  force,  they  had  no 
certainty  of  holding  it.  And  it  appears,  that  whilst  holding  colonial  pos- 
session of  England,  they  maintained  fleets  in  readiness  for  semce;  as  when 
the  Saxons  rose  against  them,  those  only  survived  the  violent  attack,  who 
made  immediate  use  of  them  to  return  to  Denmark.  Afterwards,  when 
they  had  returned  to  England  in  greater  numbers,  they  kept  up  a  navy 
sufficient  for  what  they  supposed  would  be  required  of  it;  but  as  the 
establishment  of  the  sovereignty  in  a  Danish  prince  rendered  their  con- 
dition less  precarious,  they  diminished  that  force  by  sending  home  most  of 
their  ships,  retaining  only  forty  to  guard  the  coajst. 

The  regard  which  was  paid  to  the  na^y  subsequently  to  this  period,  docs  ncrt; 
appear  to  have  been  vcr}'  great;  as,  indeed,  Canute  had  not  the  s^mic  occasion 
tor  its  scn'ice  that  his  predecessors  had  had.     Having  nothing  to  fcax'  from 
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Danish  invag^ns,  his  object  naw  vras  to  establish  his  authority  and  sway 
firmly  in  En^and.  It  has  been  suppo^d  that  his  government  was  con- 
ciliatory, as  the  Saxons  joined,  on  several  occasions,  to  advance  his  designs ; 
first,  when  he  fitted  out  fifty  vessels,  in  1027,  to  recover  Norway,  in  which 
he  succeeded ;  and  then,  three  yeaca  afterwards,  when  he  invaded  Scotland, 
both  by  sea  ai^d  lond,  and  was  also  success&l  in  that  expedition.  The 
naval  power  of  the  country  declined  still  farther  after  this;  for,  during 
the  latter  years  of  this  prince^  the  navy  consisted  of  only  sixteen  vessels,  a 
number,  however,  which  might  be  sufficient  for  the  purposes  of  the  country, 
whilst  its  iiKterests  had  a  friendly  association  with  the  neighbouring  mari- 
time states.  "This  opinion  appears  to  derive  a  considerable  degree  of  credi- 
bility, fix>m  the  fact  that  Ha2X)ld,  who,  on  the  death  of  his  father,  in  1086, 
ascended  the  throne,  contini^d  to  maintain  only  jthe  sam^  naval  establish- 
ment. 'Tlhe  mga  of  ^asold  extended  over  a  period  of  Uttie  more  than 
four  years;  and  on  his  death,  his  brother^  Hardicanute,  who  had  been 
iipme  t^me  in  Denmark^  oame  over  with  a  considerable  fleet  to  take  pos- 
session of  the  kingdom.  Aftier  he  had  ascended  the  throne,  he  levied  a 
subsidy  for  ^ty-two  ships.  And  when  the  navy  becajg[ie  settled,  the 
number  of  ships  was  fixed  at  thirty rtwo,  double  of  the  nwaoher  at  which  it 
had  been  established  in  the  preceding  reign. 

If,  in  the  generality  of  vessels  built  about  this  time,  fear  considerations 
were  had  regard  to,  beyond  those  of  essential  Aitility,  and  perhaps  a  few  rude 
ornament^,  still  there  was  in  existence  a  taste  for  display,  and  that  of  a  rich 
and  most  costly  description.  For  shortly  after  Ha,rd]£anute  ascended  the 
throne.  Earl  Xxodwin  presented  to  him  a  ^galley  supcxbly  ornamented  with 
gilding,  rowed  by  eighty  men,  each  of  ^ho(m  woee  oipon  his  arm  a  golden 
bracelet  of  sixteen  ounces  in  weight.*  But  this  piince  did  not  Uve  long ; 
and*  at  his  death,  in  1041,  the  Danish  dyno^ty  in  England  ceased,  aftei: 
having  existed  twenty-eight  years. 

In  the  reign  of  Edward  the  Confessor,  little  was  done  by  the  navy,  of 
which  the  establishment  varied  but  little  fhom  that  of  his  predecessor.  It^ 
service  was  rendered  necessary,  chiofly  against  the  turbulent  family  of 
Earl  Godwin,  who  fitted  out  a  ^^mber  of  vessels,  and  carried  on  a  serie9 
of  depredations  upon  the  coast.  These  were  for  a  considerable  time  un-r 
ohecked  by  the  king^s  fleet  i  at  length,  however,  an  appearance  of  greater: 
.vigour  was  asstuned,  by  the  fitting  out  of  a  number  of  vessels  to  be 
employed  against  the  Godwin  family;  but  before  anything  was  done  in 
pursuance  of  this  preparation,  the  king  and  this  powerful  nobleman  became 
reconciled,  and  no  occasion  remained  for  the  employment  of  the  fleet. 

The  ambition  of  this  family,  however,  had  only  a  temporary  repose ;  when 
Edwju'd  died,  early  in  10G6,  Harold,  the  son  of  Earl  Godwin,  seized  the  vacanjt 
throne.     This  was  soon  followed  by  the  invasion  of  England  by  William, 

0— , ■ 5j- 

*  Cbamock,  Vol.  1.  pp.  20.%  271 ;  Macpherson,  Vol.  I.  p.  291, 
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Dnke  of  Normaady,  which  excluded  the  line  of  Saxon  princes  from  the 
throne,  transferred  the  sovereignty  to  the  Normans,  and  established  it  in 
their  hands.  The  army  which  accompanied  William,  it  is  said,  amounted 
to  sixty  thousand  men.  The  number  of  vessels  employed  in  the  con- 
veyance of  them  has  been  variously  stated;  and  there  is  little  doubt  that 
those  who  state  it  at  three  thousand  vessels,  have  exaggerated  materially ; 
while  those  who  give  the  number  at  nine  hundred,  were  probably  below 
the  real  amount.  But  it  is  not  unlikely  that  the  burthen  of  the  largest 
was  less  than  twenty  tons,  and  that  a  great  part  of  the  armament  consisted 
of  vessels  of  considerably  inferior  burthen.  When  the  Norman  troops 
had  landed,  William  caused  his  vessels  to  be  burnt,  leaving  his  army  no 
choice  of  retreat ;  and  confidently  anticipating  the  conquest  of  the  army 
that  should  be  brought  against  him,  he  considered  there  would  be  no 
fiurther  occasion  for  his  fleet.  Plate  7  describes  one  of  the  vessels  that 
came  over  to  England  at  this  time. 

William  appears  to  have  been  insufficiently  acquainted  with  the  requisite 
means  for  preserving  the  tranquil  possession  of  his  newly  acquired  kingdom. 
The  destruction  of  a  naval  force  left  his  coast  open  to  the  invasion  of 
competitors  for  the  crown.  Several  fleets  arrived,  and  he  had  none  to  repel 
them;  and  it  was  with  difficulty  that  he  could  rescue  his  Norman  subjects, 
who  were  the  only  part  of  those  whom  he  governed,  for  whose  welfare  he 
entertained  much  regard,  from  the  consequences  of  having  neglected  to 
maintain  a  fleet  to  prevent  the  landing  of  an  enemy.  An  invasion  in  1069, 
by  which  he  had  suffered  materially,  led  the  king  to  a  greater  regard  for 
the  navy,  and  accordingly  he  collected  as  many  vessels  as  he  could  to  form 
a  fleet,  which  he  employed  in  various  services,  as  occasions  arose ;  and  in 
the  invasion  of  Scotland,  by  sea  as  well  as  by  land,  in  1071.  And  as  a 
means  of  ensuring  a  supply  of  ships  when  they  should  be  required,  he  insti- 
tuted the  Cinque  Ports,  in  1078. 

Diiring  this  reign,  and  for  a  considerable  time  afterwards,  few  events  of 
much  interest  occurred  in  relation  to  the  naval  affairs  of  the  coimtry. 
Occasionally  a  fleet  was  required  to  perform  some  service.  But  the 
unportance  of  keeping  one  in  constant  readiness  for  occasional  services, 
seems  not  to  have  been  regarded  by  the  early  sovereigns  of  the  Norman 
line.  Two  shipwrecks,  mentioned  by  historians,  furnish  an  idea  of  the 
capacity  of  some  of  the  ships  which  were  built  about  this  time.  In  the 
reign  of  Henry  the  First,  a  ship  was  built,  under  the  immediate  direction 
of  the  king's  only  son,  William  Duke  of  Normandy.  On  board  of  this 
ship  the  duke,  with  his  suite,  embarked  to  cross  the  channel.  But  before 
the  passage  was  completed,  the  ship  ran  upon  a  reef  of  rocks,  when  the 
prince,  and  aU  who  were  on  board,  with  the  exception  of  one  man,  perished. 
The   entire   number  of  persons  has   been   differently  stated,*    varying 

*  Chamook,  Vol.  I.  p.  327. 
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from  two  to  three  hundred.  In  about  the  eighteenth  year  of  Henry  the 
Second^  a  similar  catastrophe  occurred.  The  king  and  his  suite  having 
embarked  to  pass  over  to  Brittany^  one  of  the  ships  foundered^  and  it  is  said 
three  hundred  lives  were  lost.  As  these  ships  were  employed  in  the  imme- 
diate service  of  the  king^  or  some  part  of  his  family  or  the  court,  and  were 
probably  larger  than  other  ships  built  in  those  times,  they  evidently  show 
that  an  increase  had  been  made  in  the  burthens  of  ships  since  the  invasion 
of  England  by  the  Normans.  Indeed,  this  king  had  the  credit  of  having 
paid  a  greater  regard  to  the  interests  of  his  navy  tlian  had  been  shown  in 
the  reigns  of  his  predecessors.  In  several  expeditions  which  he  undertook, 
he  evinced  much  energy;  and  in  executing  his  projects  he  showed  his  esti- 
mate of  the  importance  of  his  fleets  by  depending  so  much  upon  them ; 
so  that  the  French  historian.  Father  Daniel,  acknowledged  that  Henry  the 
Second  most  justly  claimed,  and  undeniably  maintained  the  sovereignty  of 
the  sea.*  And  so  jealous  was  he  of  the  maritime  importance  of  his  coimtry, 
that  he  prohibited  the  sale  of  any  British  ships  to  foreigners,  and  com- 
manded  that    no  English    mariner    should  engage   himself   in  foreign 

service.f 

The  accession  of  Richard  the  First,  in  1189,  led  to  an  extensive  employ* 
ment  of  fleets.  His  early  concern  for  the  objects  of  the  crusaders  induced 
him  to  devote  his  interest,  resources  and  power,  towards  advancing  their 
designs.  Accordingly,  in  the  year  1190,  he  embarked  on  an  expedition  to 
Palestine,  with  nine  ships  of  extraordinary  size  and  burthen ;  a  hundred 
and  fifty  others,  which  though  of  inferior  dimensions,  were  all  equipped 
for  war ;  thirty  galleys,  and  a  considerable  number  of  smaller  vessels,  em- 
ployed for  the  conveyance  of  stores  and  provisions  for  the  fleet.  A  dispute 
which  rose  to  some  height  between  the  kings  of  England  and  France, 
whilst  they  were  stajring  at  Sicily,  and  was  aggravated  by  the  king  of  that 
island,  ended  ia  the  reconciliation  of  the  crusading  princes,  and  the  for-r 
feiture  to  Richard  of  a  large  quantity  of  gold,  four  large  galleons,  and 
fifteen  galleys  by  Tancred,  the  king  of  Sicily.  The  spirit  of  crusading  wa« 
at  its  height ;  and  the  south  of  Europe  was  carried  away  by  the  force  of  it. 
Those  states  whose  zeal  carried  them  beyond  their  own  resources,  hired 
ships  of  the  maritime  cities  of  Venice,  Genoa,  and  Pisa.  These  cities, 
which  derived  commercial  advantages  &om  the  fierce  and  sanguinary 
aggressions  of  the  rest  of  Europe,  advanced  in  opidence  by  letting  out  ships 
to  the  warlike  countries  which  required  them,  and  by  the  vast  increase  of 
commerce  which  they  obtained;  whilst  those  who  carried  on  the  war  wit- 
nessed the  waste  of  their  own  treasure,  and  of  the  lives  of  their  most  valuable 
subjects,  without  attaining  the  object  on  which  they  were  so  unjustly 
intent.  But  if  any  advantage  was  derived  from  the  prosecution  of  these 
wars  by  tlic  English,  it  might  be  that  of  a  more  extended  intercourse  and 
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acquaintance  with  distant  parts.  And  perhaps  some  improvements  in 
naidgation  may  have  resulted  &om  the  voyages  which  were  performed  up 
the  Mediterranean  in  the  prosecution  of  these  wars ;  and  in  ship-huilding, 
firom  an  acquaintance  with  the  form  and  construction  of  the  Venetian  and 
(xenoeae  ahips^  or  those  of  the  Mahommedans,  by  whom  some  ships  of  ex- 
traordinary size  appear  to  have  beeu  built.  An  account  is  given  of  an 
engagement  which  the  English  fleets  on  its  way  firom  Cyprus  to  Acre^  had 
with  a  very  large  Saracen  ship,  which  is  stated  to  have  been  defended  by 
fifteen  hundred  men.  Though  vanquished  by  the  Enghsh,  they  were  not 
enriched  by  her  as  a  prize.  She  sank^  after  she  had  been  compelled  to 
surrender;  but  the  cause  of  her  sinking  is  not  stated.  The  origin  of  the 
laws  of  Oberon  is  considered  by  some  authors  to  have  been  connected  with 
the  crusade  in  which  Richard  was  engaged;  and  they  have  associated  the 
benefits  which  have  resulted  to  navigation  firom  these  laws,  with  this  under- 
taking; but  others  have  &f.ed  their  origin  at  a  later  date.  It  has  also  been 
supposed  that  one  effect  of  these  wars  w^,  to  confine  the  Saracens  within 
their  own  countries,  by  giving  them  sufficient  employment  in  defending 
them,  and  thus  restraining  them  firom  ravaging  Europe.  But  thoi^h  these 
are  topics  connected  with  the  progress  of  marine  architecture  and  navigation^ 
it  ii  not  intended  to  discuss  them,  or  to  attach  any  material  importance 
to  them. 

The  origin  of  the  application  of  magnetic  attraction  to  purposes  of  navi- 
gation is  generally  fixed  at  some  period  in  the  twelfth  oentiiry;  although 
Burchett  and  other  authors  have  attempted  to  fix  the  invention  of  the 
mariner's  compass  at  the  beginning  of  fRe  fourteenth  century.  But  the 
writer  of  the  article  on  ^'Magnetism''  in  the  Encyclopsedia  Britannica,  has 
shown  that  the  loadstone  was  employed  as  a  nautical  guide  as  early,  at  least, 
as  the  latter  part  of  the  eleventh  century.  And  he  observes,  ''that  the 
mariner's  compass  was  known  in  the  twelfth  century,  about  the  year  1150,  is 
proved  by  notices  of  it  in  various  authors.''  He  then  quotes  the  lines  of 
Guyot  de  Provins,  who  he  says  was  alive  in  1181.  These  are  lines  of  much 
interest,  a  literal  translation  of  which  was  made  for  Dr.  Larimer's  ''  Concise 
Essay  on  Magnetism;"  and  afterwards  given  by  Macpherson.  ''This 
(polar)  star  does  not  move.  They  (the  seamen)  have  an  art  WUeh  cannot 
deceive,  by  virtue  of  the  manite,  an  iU  brownish  stone  to  which  iron  spon- 
taneously adheres.  They  search  for  the  right  point,  and  when  they  have 
touched  a  needle  on  it,  and  fixed  it  to  a  bit  of  straw,  they  lay  it  on  water, 
and  the  straw  keeps  it  afloat.  Then  the  point  infallibly  turns  towards  the 
star;  and  when  the  night  is  dark  and  gloomy,  and  neither  star  nor  moon  is 
visible,  they  set  a  light  beside  the  needle,  and  they  can  be  assured  that 
the  star  is  opposite  to  the  point,  and  thereby  the  mariner  is-  directed  in  hii| 
course.    This  is  an  art  which  cannot  deceive."* 


*  History  of  Commerce,  Vol.  I.  p.  362. 
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There  is  nothing,  in  this  account  given  by  the  poet,  inconsistent  Tvith  the 
supposition  of  its  having  been  previously  known ;  as  a  distinct  mention  is 
made  of  it  by  an  historical  writer  of  the  eleventh  century.  That  in  those 
ages  in  which  science  shone  with  a  feeble  light,  a  subject  of  which  the  in- 
vestigation was  so  difficult,  that  to  the  present  day  it  is  imperfectly  under- 
stood, should  have  remained  for  a  lengthened  period  but  little  known,  not- 
withstanding its  surpassing  utility  to  man,  is  more  highly  probable  than 
that  it  should  have  been  brought  into  general  notice  and  regard  shortly  after 
its  discovery.  The  absence  of  the  means  of  rigid  philosophical  investigation 
appears  to  be  sufficient  to  account  for  the  slow  progress  that  was  made  in 
the  improvements  of  the  compass,  and  in  the  confidence  which  was  placed 
in  it.  And  it  is  not  improbable,  that  the  addition  of  a  circular  card,  by 
Flavio  Gioia,  of  the  city  of  Amalfi,  in  the  beginning  of  the  fourteenth 
century,  may  have  led  some  authors  to  suppose  that  the  polarity  of  the 
magnet  was  unknown  till  then;  or  that  it  had  not  been  previously  used  as 
the  mariner's  guide.  The  card  by*  which  Gioia  improved  the  use  of  the  mag- 
netic needle,  contained,  it  is  said,  only  ^ght  lines ;  but  even  this  addition  was 
most  material  to. its  usefulness ;  and  it  pointed  out  the  method  by  which  the 
instrument  could  be  rendered  still  more  useful.  The  use  of  this  instrument 
in  its  improved  form,  gradually  inspired  mariners  with  confidence ;  so  that 
when  they  had  tested  the  fidelity  of  their  little  guide,  they  could  commit 
themselves  to  -the  trackless  ocean  without  fear;  and  embark  in  the  bold 
enterprises  which,  in  a  few  ages,  brought  the  inhabitants  of  the  most  distant 
lands  into  communication  with  each  other,  and  rendered  the  productions  of 
every  region  a  common  benefit  t^the  world. 

The  reign  of  King  John  is  not  characterised  by  any  thing  great  or  noble ; 
and  yet  in  lus  reign,  the  British  navy  appears  to  have  possessed  considerable 
force;  and  to  have  acquired  a  permanence  which  it  had  not  altained  to 
before.  The  formation  of  the  dockyard  at  Portsmouth  contributed  mate- 
rially to  this  result.  On  one  occasion,  when  John  was  about  to  cross  over 
to  N43rmandy,  fourteen  thousand  seamen  were  collected  to  accompany  him; 
and  a  few  years  afterwards,  when  the  state  of  Ireland  required  some  atten- 
tion to  restore  order  and  tranquillity,  the  king  sailed  from  Pembroke  with  a 
fleet  of  about  500  vessels.  Something  may  likewise  be  inferred  as  to  the  naval 
power  of  England  at  this  time,  from  the  fact  of  the  king's  having  ordered 
that  all  foreign  vessels  should  pay  respect  to  the  maritime  supremacy  of  Eng- 
land, by  striking  the  flag  to  his  ships;  and  declaring  them  to  be  lawfrd  prizes, 
in  case  of  their  refusing  to  do  so.  Diuring  this  reign  was  fought  the  first  naval 
battle  between  England  and  France.  Philip,  king  of  France,  after  having 
prq)ared  to  invade  England,  and  being  forbidden  by  the  pope's  legate  to  do 
60,  was  annoyed  at  the  prohibition,  and  invaded  Flanders  before  disbanding 
his  forces ;  the  naval  part  of  which  consisted  of  seventeen  hundred  vessels, 
great  and  small.  King  John  beheld  with  regret  this  violence  offered  to  liis 
ally,  the  Earl  of  Flanders ;  and  sent  over  a  considerable  fleet,  which  siur- 
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prised  the  French  fleet  lying  at  Danune^  and  gained  a  complete  victory  over 
it.  Three  hundred  vessels  loaded  with  provisions  were  sent  to  England; 
all  the  rest  were  destroyed^  in  the  severe  engagement  which  rendered  the 
English  conquerors,  or  were  afterwards  burnt. 

Through  all  the  troubles  of  this  king,  the  navy  remained  firmly  attached 
to  him  until  the  time  of  his  death.  After  that  event,  when  England  was 
divided  in  opinion  on  the  subject  of  the  succession,  and  a  foreign  army 
was  in  the  land,  headed  by  a  prince  who,  it  had  been  vainly  thought,  would 
rescue  England  firom  oppression,  the  fleet  of  the  Cinque  Ports  remained 
faithful  to  the  heir;  and  under  the  orders  of  Hubert  de  Burgh  who,  as 
warden  of  the  Cinque  Ports,  commanded  Dover  castle,  on  behalf  of  the  young 
prince  Henry,  the  fleet  put  to  sea,  and  effectually  prevented  a  considerable 
re-inforcement  of  French  troops  from  landing  in  England.  The  stratagem 
by  which  they  succeeded  against  a  superior  force  was  this :  when  the  two 
fleets  came  near  each  other,  the  English  vessels  were  driven  with  great 
violence  against  those  of  their  enemies,  which  were  to  leeward  of  them;  and 
to  prevent  the  French  from  boarding  them,  the  English  laid  a  quantity  of 
quick  lime  upon  the  decks  of  their  vessels,  which  beiDg  blown  by  the  wind 
over  the  vessels  of  the  enemy,  blinded  the  men,  and  compelled  them  to 
retire.  This  event,  connected  with  others  on  shore,  by  which  the  power  of 
the  French  was  considerably  diminished,  and  with  the  growing  influence  of 
the  supporters  of  the  young  prince,  led  to  the  general  acknowledgment  of 
his  claim  to  the  throne  of  his  father,  on  which  he  passed  a  long,  but  unin- 
teresting reign,  from  the  year  1216  to  1272. 

But  few  events  occurred  relative  to  the  naval  establishment  during  this 
century,  until  nearly  the  close  of  it,  when  a  private  quarrel  occurred,  which 
at  length  led  to  most  important  consequences.  Two  vessels,  one  English, 
and  the  other  Norman,  beiag  in  want  of  fresh  water,  as  they  were  off  the 
coast  of  Bayonne,  sent  on  shore  at  the  same  time  for  a  supply.  A  quarrel 
arose  between  the  men  that  were  sent  on  this  duty,  and  the  Norman  seamen 
killed  one  of  the  Englishmen,  and  pursued  the  other;  who,  however, 
escaped  to  the  vessel  to  which  he  belonged.  The  Normans  indidged  an 
infuriated  rage  against  the  English.  They  took  two  other  vessels;  hanged 
the  seamen  belonging  to  them  upon  the  yards  of  their  vessels,  with  an  equal 
number  of  dogs,  in  contempt  of  the  English,  and  sailed  for  some  time 
along  the  coast.  The  English  who  had  escaped  the  fdry  of  the  Normans, 
related  the  circumstances  of  the  affair,  and  the  treatment  their  countrymen 
had  received.  Several  English  vessels  were  then  fitted  out,  in  which  re- 
taliation was  practised  in  a  similar  manner.  Piracy  became  general 
in  the  channel;  whilst  the  kings,  Edward  the  First  of  England,  and  Phihp 
the  Fourth  of  France,  stood  aloof  from  the  quarrel  until  it  had  arisen  to  an 
alanning  height.  At  length  the  whole  naval  force  of  the  two  countries  was 
engaged  to  determine  the  contest,  each  country  availing  itself  of  the  aid 
in  vessels  which  their  alliances  could  procure  them.     A  general  engagement 
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ensnedy  in  which  the  English  were  victorious;  many  of  the  enemy's  ships 
being  destroyed^  and  thousands  of  those  who  served  in  them  slain :  and 
the  victors  returned  with  their  priaes^  amounting  to  two  hundred  and  forty 
sail  of  vessels.* 

Although  the  CSinque  Ports  supplied  the  principal  part  of  the  vessels  that 
were  employedon  war ;  yet  as  there  were  many  other  seaports  in  the  king- 
dom, some  of  which  carried  on  a  considerable  foreign  commerce,  there  must 
have  been  some  capable  of  supplying  collectively  a  lai^  amount  of  ship-^ 
ping.  Btit  it  is  probable  that  the  ships  belonging  to  these  ports,  were 
maintained  expressly  for  commercial  purposes ;  and  were  engaged  in  war 
only  when  the  fleets  of  the  Cinque  Ports  were  insufficient  for  the  expeditions 
td  be  undertaken.  In  the  reign  of  Edward  the  First,  in  1297>  when  the 
king  invaded  Flanders,  with  an  army  of  fifty  thousand  men,  he  required  the 
Service  of  a  considerable  number  of  ships  from  Yarmouth,  in  connection 
Idth  the  fleets  of  the  Cinque  Ports.  Tins  association  led  to  a  disastrous 
result;  for  some  disagreement  arising  between  the  mariners  of  the  Cinque 
Ports  and  those  of  Yarmouth,  thirty  of  the  ships  of  Yarmouth  were  de- 
Mroy edj  with  most  of  their  men ;  whilst  the  expedition  was  unproductive  of 
beneficial  results; 

Borne  time  after  this,  a  complaint  was  made  by  foreigners  of  the  acts  of 
piracy  committed  in  the  English  seas;  and  the  king  of  England  was  addressed 
by  them  as  lord  of  the  sea,  to  whom  the  sovereignty  of  the  seas  properljr 
belonged^  and  requested  to  exercise  his  power  in  punishing  the  crimes 
which  wer^  committed  within  the  bounds  of  his  dominions.  And  accord- 
ingly th^  king  and  parliament  ap|k)inted  justices  to  determine  the  matters 
of  complaint. 

JDuring  this  reign  the  first  letters  of  marque^  of  which  a  notice  has  come 
Under  our  observation,  were  granted  in  the  year  1295,  to  a  merchant  of 
Bayonne  against  the  Portuguese,  by  whom  a  cargo  of  firuit>  Which  he  was 
bonveying  &om  Spain  and  the  north  of  AMca  to  England,  had  been  seizedi 
He  was  therefore  authorised  to  inake  reprisals  within  five  years,  to  such  an 
extent  as  would  indemnify  himself  for  the  loto  and  expense  he  had  sus- 
tained by  that  seissure.f 

In  the  thirteenth  century^  ships  of  considerable  magnitude  were  built  by 
the  republic  of  Venice ;  and  there  is  mention  of  one.  Called  the  Santa  Maria^ 
that  measured  about  125  feet  in  length;  but  whether  by  the  keel,  or  on  the 
deck  does  not  appear.  This  ship;  Which  was  of  extraordinary  size,  carried 
110  seamen.^  And  Baptista  Burgud  mentions  that  two  gaU^  fitted  out 
at  t}enoa>  sailed  in  search  of  western  land  in  the  Atlantic  Ocean ;  but  that 
Ihey  were  never  heard  of  afterwai*ds.  Spain  adopted  the  practice  of  building 
large  ships  called  carracks>  far  superior  in  magnitiide  to  the  vessels  which 


ilcluingford.  t  Fedora,  Vol.  II.,  p.  C81; 

%  Macpherson,  Vol.  I.,  p.  419. 
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were  built  in  the  more  northern  coimtries  of  Europe.  It  is  not  perhaps 
clear  by  what  processes  the  Spaniards  advanced  to  that  superiority  in  ship- 
building ;  but  before  the  middle  of  the  fourteenth  century,  improvement 
seems  to  have  become  general  in  the  most  considerable  maritime  states  in 
the  Mediterranean.  The  Mahommedans  possessed  vessels  of  large  burthen, 
of  which,  however,  we  know  nothing  of  the  construction.  The  people  of 
Catalonia  also  had  very  large  ships,  some  of  which  are  said  to  have  had  two, 
and  others  three  decks.  The  statement  of  their  having  had  castles  on  their 
decks,  seems  to  imply  that  the  decks  must  have  run  the  whole  length  of  the 
ships.  In  the  year  1334,  four  Catalonian  ships,  designed  for  both  war  and 
commerce,  and  carrying  1980  fighting  men,  besides  seamen  and  women, 
merchandize  and  horses,  were  taken  by  ten  Genoese  galleys,  after  a  battle 
of  ten  days.* 

In  India,  also,  ship-building  appears  to  have  made  considerable  progress. 
The  Indian  ships  employed  in  commerce  were  of  large  dimensions;  and 
for  the  better  accommodation  of  a  number  of  merchants  who  might  be 
trading  to  the  same  places,  the  ships  were  divided  into  several  cabins  Jby 
fixed,  water-tight  bulk-heads,  one  of  these  cabins  being  appropriated  to  the 
service  of  each  merchant.  These  vessels  were  double-planked,  and  caulked 
with  oakum ;  and  the  bottoms  were  covered  with  a  sheathing  of  oil,  lime, 
and  hemp ;  this  sheathing  was  renewed  several  times,  as  the  state  of  the 
vessel  might  be  considered  to  require  it.  They  had  four  masts ;  carried 
from  a  hundred  and  fifty  to  three  hundred  men,  and  would  convey  a  cargo 
of  five  or  six  thousand  bags  of  pepper. 

During  the  reign  of  Edward  the  Second,  who  ascended  the  throne  in 
1307,  and  was  murdered  at  Berkeley  Castle  in  1327,  the  naval  power  of 
England  seems  to  have  declined  to  a  most  serious  extent  j  whilst,  for  the 
most  part,  there  was  Uttle  to  call  for  its  exertion.  At  length,  when  the 
queen  arrived  from  abroad  to  abet  her  husband^s  enemies,  no  opposition 
appears  to  have  been  offered  to  her  by  the  navy ;  but  whether  from  insuffi- 
dency  of  strength,  or  fix)m  a  general  defection  In  that  establishment,  it  is 
perhaps  not  easy  to  determine. 

Edward  the  Third,  conceiving  that  he  had  a  title  to  the  throne  of 
Prance,  by  virtue  of  his  mother's  descent,  although  the  salique  law  ex- 
cluded her  from  the  throne,  resolved  to  go  over  with  an  army  and  endea- 
vour to  acquire,  by  force,  the  possession  of  that  which  he  had  little  reason 
to  suppose  would  be  conceded  to  his  claim.  In  1338,  he  therefore  em- 
barked his  forces,  for  conveying  which  across  the  channel,  a  fleet  of  five 
hundred  vessels  had  been  provided.  This  armament  was  obtained  with 
considerable  exertion ;  for  as  the  object  of  the  expedition  was  one  of  great 
importance,  so  the  king  appears  to  have  employed  in  it  the  greatest  force 
he  could  command.     He  engaged  the  aid  of  all  the  confederates  he  could 

♦  Macpherson,  Vol.  I.,  p.  507. 
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obtain.  But  before  the  anny  of  Edward  quitted  the  confines  of  the 
Netherlands^  some  of  hi»  allies  withdrew  from  him,  and  the  loss  his  armj 
sustained  by  the  several  allies  retiring;  left  him  with  an  army  of  only  forty- 
seven  thousand  men.  Now,  if  Edward's  own  army  consisted  originally  of 
forty  thousand  men,  which  it  is  highly  probable  it  did  not  exceed,  then  the 
average  number  conveyed  by  each  ship  would  be  eighty  men ;  whence  it 
appears  that  the  generality  of  these  vessels  were  of  veiy  moderate  dimen* 
sions.  The  greater  part  of  this  fleet  was  retained  abroad;  and  the  pro- 
tection of  the  English  shores  was  still  further  weakened  by  such  other  ships 
as  could  be  fitted  out,  being  sent  to  Scotland.  In  this  unguarded  state 
the  French  attacked  several  o£  the  Enghsh  sea-ports,  and  did  extensive 
damage.  To  retaliate  on  them  for  this  injury,  the  inhabitants  of  the 
Cinque  Ports  fitted  out  a  nimiber  of  small  vessels,  crossed  the  channel  in 
hazy  weath^,  attained  Boulogne  by  surprise,  laid  the  lower  town  waste, 
destroyed  the  dock  with  the  arsenal,  four  large  ships,  and  thirty-nine  galleys 
and  smaller  vessels. 

Edward  having  been  obliged  to  return  to  England  for  a  firesh  supply  of 
means  for  carrying  on  the  war,  prepared  to  renew  his  expedition  in  the 
summer  of  1340.  King  Philip  the  Sixth  of  France  had,  in  the  mean  time, 
collected  a  large  fleet  in  the  harbour  ai  Sluys  to  oppose  the  English  and 
prevent  their  landing.  Intelligence  of  this  preparation  reached  Edward 
when  he  was  on  the  point  of  embarking,  and  he  was  assured  of  the  neoes- 
sity  of  increasing  his  armament.  Within  ten  days  after  the  order  had 
been  issued  for  a  further  supply  of  ships  and  men,  the  supply  exceeded  the 
ntunber  required.  When  the  English  arrived  off  Sluys  they  were  met  by 
the  French,  who  brought  against  them  400  vessels,  manned,  on  an  average^ 
with  one  hundred  men  each;  whilst  the  English  had  only  240  vessels. 
They  fought,  however,  with  deliberate  and  steady  force,  having  gained  the 
wind  of  their  enemies.  They  were  at  length  also  reinforced  by  the 
Flemings,  who  brought  a  considerable  force  to  aid  the  English.  The 
French  had  suffered  severely  firom  the  commencement,  by  the  English 
cross-bows ;  and  when  the  contending  vessels  grappled,  the  fury  of  the 
engagement  did  not  slacken;  but  when  the  Flemings  joined  their  con- 
federates, the  result  of  the  contest  was  decidedly  in  favour  of  the  English. 
The  French  were  finally  beaten,  vrith  a  loss,  it  is  said,  of  more  than  three- 
fourths  of  their  number,  many  of  whom  leiq[>ed  into  the  sea,  and  two 
hundred  and  thirty  of  their  ships  were  taken.  The  loss  of  the  English  ap- 
pears to  have  been  very  moderate,  although  some  of  their  vessels  were  sunk 
by  the  stones  which  were  thrown  into  them  by  the  French,  who  had  con 
structed  machines  on  board  of  their  vessels  for  this  purpose.  The  accounts 
of  this  battle  contain  the  first  mention  of  ships  in  the  English  service 
being  distinguished  by  names,  with  the  names  also  of  the  captains  com- 
manding some  of  them. 

From  this  time  the  war  was  carried  on  by  land  during  a  considerable 
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period.  A  trace  was  aftenrards  granted  for  one  year;  the  war  was  then 
renewed^  and  a  truce  for  three  years  agreed  to  in  1343,  When  this  term 
had  nearly  expired^  the  king  caused  a  fleet  to  be  provided^  of  about  a  thou- 
sand vessels^  of  aU  sizes^  to  convey  his  army  across  to  Normandy.  The 
result  to  which  this  invasion  led  was  the  victory  of  the  Enghsh  at  Crecy. 
Having  obtained  so  important  a  triumph,  Edward  conceived  it  expedient 
to  obtain  a  more  convenient  inlet  into  France  j  and  with  this  view  he 
directed  his  operations  against  Calais,  which  was  taken  in  August,  in  the 
year  1847. 

The  fleet  employed  in  the  blockade  of  this  place  consisted  of  738  vessels, 
canying  14,956  mariners;  being,  on  an  average,  about  twenty  men  to 
each.  Seven  hundred  of  these  vessels  belonged  to  England ;  the  other  thirty- 
eight  were  foreign  vessels.  Fifteen  of  the  latter,  and  439  mariners,  were 
suppHed  from  Bayonne,  being  about  twenty-nine  men  to  each  ship;  seven 
vessels  and  184  men  from  Spain,  which  is  twenty-six  men  to  each  vessel ; 
one  from  Ireland,  carrying  twenty-five  men ;  and  fourteen  from  Flanders, 
with  133  men,  being  scarcely  ten  men  to  each  vessel.  Twenty-five  of  the 
British  ships  were  called  the  king's  own  ships,  manned  with  419  mariners, 
being,  on  an  average,  something  under  seventeen  men  to  each.    {Plate  8.) 

After  the  taking  of  Calais,  another  truce  was  agreed  to,  which  lasted  till 
1355 ;  and  in  1356  the  war  was  renewed.  The  battle  of  Poictiers  appeared 
to  have  advanced  the  objects  of  the  English,  for  the  French  king  was 
taken  and  brought  to  England.  But  as  the  French  nation  refiised  to 
submit  to  the  terms  which,  under  these  circumstances,  it  was  attempted  to 
impose  upon  them,  Edward  again  invaded  France,  having  collected  a  fleet  of 
about  eleven  hundred  vessels  to  convey  his  army  from  Sandwich  to  Calais. 
Yet,  instead  of  having  made  any  advance  toirards  attaining  the  crown  of 
France  by  the  long  war,  he  saw  that  object,  after  the  present  campaign,  to 
be  unattainable,  and  entered  into  a  treaty  before  leaving  the  country,  by 
which  he  renounced  all  claim  to  it. 

Subsequently  to  the  seige  of  Calais,  the  use  of  galleys  was  generally 
discontinued  in  war,  except  in  the  Mediterranean;  and  galleons  were 
introduced  into  the  English  service  about  the  middle  of  the  fourte^ith 
century. 

The  introduction  of  this  description  of  vessels  into  the  English  service, 
it  is  highly  probable,  resulted  from  the  capture  of  a  number  of  Spanish 
galleons,  in  1350.  This  event  occurred  oS  Winchelsea,  and  was  occasioned 
by  the  seizure  of  some  English  vessels  in  the  channel,  by  a  fleet  of  gaUeons;, 
which  were  bound  to  Flanders.  On  their  passage  thither,  the  Spaniards 
first  plundered  of  their  ijierchandise,  and  then  sank  the  English  vessels 
which  they  met.  On  intelligence  of  this  reaching  England,  a  duty  was 
levied  to  defray  the  expense  of  fitting  out  a  fieet  to  meet  the  Spaniards  on 
their  return.  The  king,  and  a  number  of  his  most  considerable  subjects, 
went  on  board  of  his  ships  to  add  dignity  to  the  enterprise.    The  fleet  con- 
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sisted  of  only  fifty;  that  of  the  enemy  consisted  of  forty-four  galleons, 
which,  it  is  said,  appeared  like  floating  castles  in  comparison  to  the  Englisli 
vessels.  The  latter,  however,  gained  a  complete  victory,  after  a  hard-fonght 
battle,  capturing  several  carracks  *  richly  laden  with  merchandise ;  whilst 
the  darkness  of  the  night  enabled  the  others  to  escape  to  the  opposite 
coast. 

Notwithstanding  the  large  demands  on  the  seaports  in  general  for 
shipping,  during  the  progress  of  the  war  with  France,  and  the  large  amounts 
they  were  able  to  supply,  the  maritime  interests  of  the  country  appear  to 
have  languished  during  the  latter  part  of  the  reign  of  Edward  the  Third. 
This  may  have  been,  to  some  extent,  the  consequence  of  the  great  demands 
made  for  the  supply  of  ships  having  drawn  the  service  of  them  from  the 
commercial  pursuits,  by  which  alone  they  could  generally  flourish. 

The  improvements  which  were  made  in  the  building  of  ships  in  the 
Mediterranean,  extended  their  influence  into  the  more  northern  countries 
of  Europe,  especially  the  Hanse  Towns ;  the  commercial  people  of  which 
were  ready  to  imitate  what  was  valuable  and  useful  to  thdinselves,  in  the 
peculiarities  of  the  ships  built  in  the  south  of  Europe.  And  soon  after  this 
period,  ships  of  much  larger  size  were  built. 

During  the  reign  of  Richard  the  Second,  the  naval  power  appears  to 
have  been  in  an  extremely  ineflicient  state.  The  protection  of  the  coast 
was  neglected,  and  the  French  invaded  the  shores  of  England  without,  as 
it  appears,  any  fleet  to  oppose  them.  In  the  summer  of  1377,  they  ap- 
peared oflF  the  coast  with  a  fleet  of  fifty  vessels,  from  which  they  landed, 
fend  burnt  the  town  of  Rye.  A  short  time  after  this  event  they  appeared 
again,  and  landed  at  several  places  along  the  southern  coast  of  England, 
and  plundered  and  destroyed  several  of  the  most  important  towns  on  the 
coast.  They  were  repulsed  at  Southampton ;  and  when  they  landed  shortly 
afterwards  in  Sussex,  they  were  ineflfectually  encountered  at  Lewes. 
When,  afterwards,  a  fleet  was  fitted  out  to  resent  these  injuries,  the  ships 
were  compelled,  by  adverse  winds,  to  return  to  port  without  having  accom- 
plished any  service. 

Afl;er  the  lapse  of  several  years,  the  war  with  France  was  resumed,  under 
Richard  the  Second.  Since  Calais  had  been  in  the  hands  of  the  English, 
they  were  able  to  land  an  army  at  pleasure,  and  to  take  the  most  favour- 
iable  circumstances  for  conducting  all  their  operations  in  the  field.  In  the 
year  1380,  a  small  army  was  sent  over  to  France,  where  military  operations 
were  carried  on  to  a  considerable  extent.  But  in  the  mean  time,  the  shores 
of  England  were  left  xmprotected,  or  but  inadequately  guarded ;  and  the 
French  sent  over  a  number  of  vessels  which,  sailing  along  the  coast  of  Kent, 
and  up  the  river  Thames,  plundered  the  country  and  burnt  the  town  of 

*  Burchett,  p.  333. — Maophcrson,  Vol.  I.  p.  641,  says  the  English  took  twenty-four  car- 
racks  ;  and  that  some  authors  state  the  number  at  twenty-six. 
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Oravesend^  whilst  the  resources  of  the  nation  were  exhausted  for  other 
purposes  than  the  protection  of  its  interests.  In  1882  a  lai^e  reinforce- 
ment was  sent  over,  amounting  to  nearly  sixty  thousand  men  j  and  the  fleet 
which  conveyed  them  across  the  channel  was  aft^^ards  employed  in 
ravaging  the  French  coast.  But  no  advantages  appear  to  have  been 
gained  by  these  operations.  The  French  seem  rather  to  have  been  roused 
to  eneigy,  and  to  have  been  provoked  to  aggression.  As  success  had 
littended  a  bold  predatory  attack  on  the  shores  of  England,  so  that  sort  of 
expedition  was  repeated.  Alarmed  at  the  consequences  of  these  incursions 
upon  the  British  shores,  the  inhabitants  of  Portsmouth,  at  their  own 
expense,  fitted  out  a  squadron  about  equal  to  that  of  the  enemy,  with  which 
they  attacked  and  captured  the  whole  of  the  French  ships.  The  project  of 
invading  England  on  a  large  scale  was  afterwards  formed ;  and  it  is  said 
that  nearly  thirteen  hundred  vessels  were  fitted  out  for  this  service,  which, 
after  considerable  delay^  was  ultimately  abandoned. 

The  close  of  the  fourteenth  century  was  a  period  of  \iolence  and  disorder 
in  England.  The  disaffection  which  the  English  felt  towards  the  king,  led 
to  his  being  dethroned  and  put  to  death,  and  the  throne  became  occupied 
by  Henry  the  Fourth,  of  the  House  of  Lancaster.  He  was  crowned  on  the 
ISth  of  October,  1399.  Few  events  of  any  interest  relating  to  the  navy 
appear  to  have  occurred  about  this  time;  for  the  nation  was  agitated 
violently  by  internal  commotions.  The  Welsh,  under  Owen  Glendower, 
revolted;  and  the  French  taking  advantage  of  the.  unsettled  state  of 
England,  sent  over  an  army  of  twelve  thousand  men,  in  140  vessels,  which, 
with  the  seamen,  did  not  in  all  probability  exceed  on  an  average,  a  hundred 
and  five  or  a  hundred  and  ten  men  to  each  vessel.  Whilst  the  French 
Vessels  were  lying  at  Milford  Haven,  a  fleet  was  fitted  out  by  the  Cinque 
Ports,  and  proceeded  under  the  command  of  Lord  Berkley,  to  attack  them. 
Several  of  ihe  French  vessels  were  destroyed ;  and  the  others  escaped  to 
their  own  coast.  Afterwards,  when  the  French  troops  were  desirous  of  being 
sent  home,  vessels  sufficient  for  this  purpose  were  supplied  by  the  different 
ports  of  Wales ;  a  fact  which  shows  that  though  the  English  kings  had 
formerly  evinced  a  jealousy  about  these  ports,  the  possession  of  them  had 
been  retained  to  a  great  extent,  or  recovered  by  the  natives. 

That  the  maritime  power  of  England  was  in  a  very  low  condition,  appeani 
evident  from  the  general  events  that  occurred  about  this  time,  in  which 
its  interests  were  concerned.  It  is  true  that  a  fleet  was  sent  over  with 
orders  to  disturb  the  coasts  of  France  and  Flanders ;  and  that  on  entering 
the  harbour  of  Shiys,  they  took  three  large  Genoese  merchantmen,  and 
landed  upon  several  parts  of  the  coast,  destroying  a  considerable  number  of 
towns  which  they  had  first  plundered;  and  then  returned  with  a  large 
accumulation  of  spoil.  But  notwithstanding  this,  their  own  shores  were 
open  to  the  assaults  of  the  enemy,  whilst  a  desultory  kind  of  warfare 
was  carried  on  between  the  English  and  French,  more  in  the  character  of 
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general  piracy  tlian  of  national  war.  At  one  time  the  king  himself  narrowly 
escaped  &lling  into  the  hands  of  some  French  privateers;  for  aa  he  was 
passing  from  Queenborough  to  the  coast  oS  Essex  in  the  summer  of  1407^ 
with  only  five  ships^  his  little  squadron  was  attacked  by  some  French 
privateers,  when  four  of  the  ships  were  taken  and  carried  off;  and  that  only 
escaped  which  was  conveying  the  king.  This  narrow  escape  served  to  show 
the  importance  of  paying  greater  attention  to  the  navy  than  it  had  received 
for  some  years  previously;  and  led  to  the  fitting  out  of  a  strong  squadron 
in  the  following  year.  The  command  of  this  was  given  to  the  Earl  of 
Kent,  and  the  object  was  to  destroy  the  French  privateers  that  infested  the 
channel.  He  therefore,  having  gained  sight  of  them,  pursued  them  to  their 
rendezvous,  where  he  effectually  accomplished  the  end  he  had  in  view.  One 
other  naval  expedition  is  mentioned  in  this  reign ;  this  was  the  sending  of 
ten  sail  against  Scotland;  by  these  considerable  damage  was  done  to  the 
Scotch  on  shore ;  and  fourteen  vessels  were  captured  and  brought  away, 
besides  others  which  were  burnt. 

Henry  the  Fourth  died  on  the  20th  of  March,  1418 ;  and  was  succeeded 
by  his  son,  Henry  the  Fifth.  This  prince  revived  the  daim  to  the  crown 
of  France ;  and  taking  advantage  of  the  distractions  which  prevailed  in  that 
coimtry,  he  prepared  to  renew  the  operaticms  for  the  conquest  of  it*  He 
assembled  at  Southampton  and  other  ports,  a  fleet  of  1500  vessels,  some  of 
which  he  had  hired  from  Holland  and  Zealand.  To  collect  the  requisite 
fleet,  the  king  ordered  that  all  the  vessels  in  England  of  twenty  tons  bur- 
then and  upwards  should  be  taken  into  his  service.*  The  army  which  this 
large  fleet  was  required  to  convey,  amoimted  to  80,000,  or  according  to 
other  authority,  50,000  men.  From  this  mention  of  tonnage,  and  the 
number  of  vessels  required  on  this  occasion,  it  appears  that  little  benefit 
had  resulted  to  ship-building,  from  the  introduction  of  carracks  into  the 
English  service.  The  northern  kingdoms  of  Europe  appear  to  have  carried 
out  improvements  with  energy ;  for  there  is  mention  made  of  a  Prussian 
ship  of  800  tons  bringing  com  to  Berwick-upon-Tweed,  in  1409.*  The 
results  of  this  invasion  of  France  were  the  taking  of  Harfleur,  in  which  a 
garrison  was  placed ;  and  the  battle  of  Agincourt,  in  which  one  of  the  most 
remarkable  victories  was  gained  by  the  English,  on  the  25th  of  October, 
1415. 

The  French,  soon  after  this,  engaged  a  number  of  ships  from  Spain  and 
Genoa,  being  greatly  superior  to  their  own,  with  a  view  to  ravage  the 
southern  coast  of  England.  In  attempting  to  do  so,  however,  they  were 
repulsed.  They  then  laid  seige  to  Harfleur  with  all  the  ships  that  could  be 
brought  together  for  this  service,  at  the  same  time  that  the  town  was 
strongly  besieged  by  land;  relief  was  at  length  introduced  into  the  town, 
four  hundred  vessels  having  been  fitted  out,  and  an  army  of  twenty  thousand 

*  Macpherson,  Vol.  I.,  p.  628.  ♦  Haklujrt,  Vol.  I.,  p.  181. 
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men  embarked.  The  Buke  of  Bedford^  -who  commanded  the  fleets  first 
attacked  the  besieging  fleets  and  gained  a  complete  victory  over  it^  taking 
and  destroying  five  hundred  sail ;  the  Earl  of  Huntingdon  also  gained  a 
great  victory  over  a  considerable  fleet  of  French  and  Genoese  ships^  which 
was  superior  to  that  which  he  commanded.  A  large  amount  of  money  on 
board  of  some  of  the  ships  considerably  enhanced  the  value  of  the  prizes. 

Heniy^  having  return^  to  England  after  the  battle  of  Agincourt/prepared 
in  1417  to  renew  his  operations  in  France.  Fifteen  hundred  vessels  were  as- 
sembled at  Dover  to  convey  his  army  oif  25,000  troops  into  Normandy.  It 
is  also  said  that  about  this  time,  the  king  having  observed  the  superiority  of 
the  Castilian  and  (jenoese  ships,  caused  some  very  large  vessels,  called  dro- 
mons, to  be  built  at  Southampton;  "such,"  says  an  old  writer,  "as  were  never 
seen  in  the  world  before,  three  of  which  had  the  names  of  the  Trinity ^  the 
Grace  de  Dieu,  and  the  Holy  Ghost.  But  the  principal  vessels  of  the  whole 
fleet,  wherewith  he  made  his  second  invasion  of  France,  were  two  lai^  ships, 
most  magnificently  fitted  up.  One  of  them,  called  the  King's  Chamber, 
an  which  he  embarked  himself,  carried  a  sail  of  purple  silk,  whereon  the 
arms  of  England  and  France  were  embroidered ;  and  the  other,  called  the 
King's  Hall,  was  also  very  sumptuously  adorned.''*  It  is,  however,  probable 
that  the  King's  Chamber  and  the  King's  HaU  were  two  of  the  ships  pre- 
irioualy  mentioned.  The  fleet  which  was  employed  in  this  expedition 
appears  to  have  been  required  only  for  the  conveyance  of  his  troops ;  as  a 
few  only  of  the  ships  were  retained  abroad,  for  the  conveyance  of  artillery, 
the  rest  being  sent  home. 

After  gaining  important  successes  in  France,  and  obtaining  a  treaty  in 
which  his  title  to  the  succession  to  the  throne  of  France  was  acknowledged, 
he  returned  to  England  early  in  the  year  14s21 :  yet  he  invaded  France 
jBgain  the  next  year,  and  gained  some  advantages;  but  being  taken  ill  in  the 
midst  of  his  military  operations,  he  was  conveyed  to  Vincennes,  where  he 
died  on  the  81st  of  August,  1422. 

Henry  the  Sixth  was  proclaimed  at  about  the  age  of  nine  months.  The 
^vemment  duriiig  the  minority  had  been  arranged  by  the  late  king,  in  the 
closing  hours  of  his  life;  but  from  the  period  of  his  death,  the  possessions 
in  France,  which  had  been  acquired  in  the  long  war,  were  gradually  lost, 
notwithstanding  all  the  ability  and  car^  of  the  Duke  of  Bedford.  Nor  was 
the  progress  of  the  Fcench  arms  arrested  until,  in  1453,  the  English  were 
driven  out  of  the  last  phiee  they  occupied  in  France,  with  the  exception  of 
Calais,  which  was  retained  more  than  a  century  longer, 

The  wars  of  the  Roses,  which  went  far  to  destroy  all  the  prosperity  of 
England  during  the  latter  years  of  this  reign,  confined  the  operations  of  the 
English  within  their  own  country ;  and  there  was  little  occasion  for  a  navy : 
still  a  navy  was  maintained,  and  the  Earl  of  Warwick  was  made  admiral  of 

-  ■  '■ .-,.,.      ^ «.  -  ■        -  ■  ,  -  - 
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England  and  gOTcmor  of  Calais^  where  the  principal  naval  armament  of 
England  was  kept.  The  power  which  the  Earl  derived  from  these  appoint- 
ments enabled  him  to  do  much  for  the  interests  of  England ;  it  enabled  him 
to  prevent  the  introduction  of  foreign  armies,  and  thus  to  leave  the  deter- 
mination of  the  contest  to  the  proper  resources  of  the  nation.  As  the  Earl 
was  engaged  in  the  interests  of  the  House  of  York,  the  employment  of  the  fleet 
was  of  course  adverse  to  the  cause  of  King  Henry.  In  the  year  1458,  an  Eng- 
lish squadron  was  cruising  in  the  channel,  and  fell  in  with  a  fleet  of  Spanish 
ships,  which  were  attacked,  and  six  of  them  taken  after  a  severe  engagement ; 
and  twenty-six  others  were  either  sunk  or  driven  ashore.  Some  time  after 
this,  the  Earl  himself,  in  the  command  of  a  squadron  of  fourteen  vessels, 
attacked  three  lai^e  Grenoese  and  two  large  Spanish  carracks ;  the  engage- 
ment lasted  two  days :  three  of  them  were  captured,  but  the  two  others 
escaped.*  In  order  to  recover  the  naval  power  to  the  service  of  the  king, 
the  queen  issued  an  order  for  those  ships  which  the  Earl  had  not  carried  off 
with  him,  to  be  fitted  out  at  Sandwich,  and  to  proceed  to  Calais,  to  deprive 
the  earl  of  his  command.  Hence  it  appears,  that  the  Cinque  Ports  were  still 
attached  to  the  interests  of  the  king.  Intelligence  of  the  preparations  against 
the  earl  having  been  communicated  to  him,  he  sent  over  a  squadron,  which 
attacked  the  ships  in  the  port  under  the  command  of  Lord  Rivers,  who  was 
conducted  with  all  his  fleet  over  to  Calais.  Another  attempt  was  made  to 
recover  the  fleet  from  the  Earl,  by  fitting  out  another  fleet  under  Sir  Simon 
^fontford,  l(»rd  warden  of  the  Cinque  Ports;  but  the  earl  crossing  over 
suddenly,  surprised  the  lord  warden,  took  the  whole  of  his  ships,  plundered 
the  town  of  Sandwich,  and  then  returned  to  Calais.f 

Although  there  were  some  instances  of  large  ships  being  ^  the  posses* 
fiion  of  the  English  about  the  middle  of  the  fifteenth  century,  yet  it 
appears  to  have  been  an  extraordinary  circumstance  for  ships  of  very  large 
dimensions  to  be  built  in  England;  and  it  is  highly  probable  that  the 
ships  of  unusually  large  dimensions  were  of  either  Spanish  or  Genoese 
build.  The  encouragement  given  by  an  exemption  from  customary  im- 
posts, on  the  building  of  a  large  carrack,  called  the  "Grace  Dieu,'^  by 
John  Tavemor,  of  Hull,  indicates  that  the  building  of  such  a  ship  was  of 
unusual  occurrence.  The  large  ships  of  400,  500,  and  900  tons  burthen 
which  the  king  took  from  Canyngs,  of  Bristol,  were  most  likely  of  foreign 
iconstruction,  and  had  been  brought  to  England  either  from  the  south  of 
Europe  or  from  the  Saltic  :  for  the  northern  nations  of  Europe  then  pro- 
duced ships  of  considerable  burthen ;  as  there  is  also  mention  made  of  one 
of  nearly  a  thousand  tons  burthen  being  sent  by  Charles,  king  of  Sweden, 
in  1455,  with  a  request  that  she  might  be  permitted  to  enter  the  ports  of 
England,  for  the  purposes  of  commerce,  subject  to  the  payment  of  the 
usual  duties.     But  the  state  of  England  was  very  unfavourable  to  the 

*  Burchett,  p.  334,  says  the  carracks  were  all  taken.  t  Ibid,  p.  335. 
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advance  of  navigation ;  for  commerce,  which  suppKed  the  greatest  impulse 
to  it,  was  subject  to  many  interruptions  and  imposts,  so  that  the  results 
of  its  undertakings  were  rendered  very  precarious.  And  hence,  whilst  the 
English  had  the  example  of  their  commercial  neighbours  in  the  building 
of  large  ships,  and  their  own  experience  of  the  superior  usefulness  of  vessels 
of  such  dimensions,  they  appear  to  have  made  but  little  advance  in  the 
production  of  such  ships  themselves. 

During  the  civil  wars  of  this  period,  there  appeared  the  most  unequivocal 
evidence  of  the  connection  between  the  possession  of  the  navy  and  the 
]>08se88ion  of  the  throne.  Twice  the  Earl  of  Warwick  interfered ;  and  by 
each  interference  determined  who  should  be  king.  Nor  was  it  less  evident 
in  that  event  which  brought  the  House  of  Tudor  to  the  throne,  that 
dominion  in  the  channel  was  most  materially  connected  with  the  safe  pos- 
session of  the  kingdom.  Richard  the  Third  reached  the  throne,  and  so 
iar  subdued  his  enemies,  that  the  country  was  quiet ;  and  it  might  have 
remained  so  in  his  hands,  if  he  had  kept  the  English  channel  guarded  with 
due  care.  He  had  a  fleet;  and  that  fleet  might  have  saved  him  if  it  had 
been  employed  with  vigour  and  fidelity :  the  little  fleet  of  Henry,  Earl  of 
Bichmond,  however,  arrived  at  the  shor^  of  England,  and  his  Mends 
united  to  support  him,  which  they  did  effectually,  by  conducting  him  to 
the  throne,  after  the  victory  his  troops  had  gained  in  the  battle  of  Bosworth 
field,  in  August,  1485. 

Portugal,  though  one  of  the  smallest  kingdoms  of  Europe,  but  neces- 
sarily a  maritime  state,  began,  about  the  beginning  of  the  fifteenth  century, 
to  direct  her  attention  more  particularly  to  maritime  pursuits,  as  the  only 
obvious  means  of  conducting  her  to  importance  and  fame  as  a  civilized 
country.  Accordingly,  she  began  to  take  the  lead  iu  voyages  of  discovery, 
that  she  might  increase  her  power,  extend  her  commerce,  rise  to  greater 
prosperity,  and  acquire  an  influence  in  the  earth  as  the  reward  of  her 
exertions.  Every  voyage  which  the  Portuguese  performed  was  important ; 
for,  though  the  immediate  results  of  some  of  the  voyages  may  not  have 
been  very  material  in  themselves ;  yet  every  great  effort  appears  to  have 
encouraged  a  repetition  of  enterprise,  until  extensive  settlements  in  Africa^ 
India,  and  America,  rewarded  their  perseverance. 

A  part  of  Portugal  having  been  erected  into  a  kingdom,  the  king  exerted 
his  utmost  power  to  enlarge  his  territory.  This  he  did  by  colonizing  such 
plac»i  as  his  fleets  discovered,  and  were  able  to  bring  under  subjection. 
In  1410  a  fleet  was  fitted  out,  under  Henry,  the  son  of  John  the  First; 
and  the  voyage  performed  by  this  fleet  led  to  the  discovery  of  Madeira. 
Successive  voyages  extended  valuable  discoveries  along  the  coast  of  Africa^ 
which  they  seem  to  have  aimed  at,  keeping  it  constantly  in  sight :  Cape  Non 
was  reached,  another  expedition  passed  it ;  and  at  length,  in  the  reign  of 
John  the  Second,  the  Portuguese  discovered  and  passed  the  Cape  of  Good 
JHope,  in  1497.     This  great  effort  was  accomplished  by  Vasco  de  Gama^ 
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who  then  saw  with  satisfaction  the  route  opened  to  India.  Passing  along 
the  eastern  coast  of  Africa^  and  crossing  thence  to  India^  the  Portuguese 
had  the  choice  of  making  settlements  on  the  coasts  and  islands^  of  which 
the  native  wealth  and  commercial  advantages  appeared  to  be  the  most 
inviting.  Sofala^  with  its  rich  mines ;  Mosambique^  with  its  wealth  and  com- 
mercial advantages ;  and  India,  with  the  ample  productions  of  its  soil^  all 
contributed  to  reward  the  enterprise  of  the  Portuguese  by  an  influx  of  wealth 
into  their  country.  Another  voyage  accidentally  led  to  a  new  discovery ; 
a  fleet  of  thirteen  ships  having  been  sent  out  on  a  voyage  to  Malabar, 
Cabral^  who  had  charge  of  the  expedition,  was  driven  by  adverse  winds  to- 
wards the  west,  and  discovered  the  coast  of  Brazil,  of  which  he  took  posses- 
sion, in  the  name  of  his  sovereign,  to  whom  he  sent  home  intelligence  of  his 
success,  and  proceeded  on  his  voyage;  and  having  accomplished  this,  he  re- 
turned to  Portugal. 

The  early  efforts  of  Portuguese  navigation  were  preliminary  to  those  of 
greater  enterprise  which  distingmshed  the  dose  of  the  fifteenth  century ; 
and  the  results  of  them  prepared  the  way,  in  some  measure,  for  the  bolder 
project  which  Columbus  formed.  Christopher  Columbus  was  a  native  of 
Genoa;  in  his  youth  he  had  been  well  instructed  in  those  branches  of 
knowledge  which  were  immediately  conducive  to  his  future  eminence ;  and 
he  went  to  sea  at  the  age  of  about  fourteen  years.  In  the  year  1467  he 
made  a  voyage  into  the  north  sea  to  ascertain  whether  Iceland  was  in- 
habited; and,  advancing  a  hundred  leagues  beyond  that  island,  he  was 
surprised  at  finding  his  progress  still  unobstructed  by  ice.  After  tliis 
voyage  he  settled  in  Portugal,  where  travellers  and  navigators  generally 
received  the  greatest  encouragement.  During  the  time  he  spent  in  that 
country,  his  occupation  was  principally  that  of  making  maps  and  chartsj  and 
sometimes  he  was  employed  in  making  short  voyages  to  the  islands  in  the 
Atlantic.  Having  at  length  matured  his  plan  for  his  western  discoveries, 
he  at  first  offered  his  services  to  his  fellow  citizens  of  Genoa,  and  they 
were  declined.  About  the  year  1482,  he  offered  to  take  the  command  of 
an  expedition  for  the  discovery  of  lands  to  the  west,  for  the  service  of  Por- 
tugal. His  ideas  of  the  remote  lands  appear  not  to  have  been  entertained 
with  much  confidence;  the  courtiers,  however,  gained  firom  him  much 
information  respecting  the  course  he  intended  to  pursue ;  and  then  sent 
out  privately  a  vessel  with  instructions  to  the  pilots  to  observe  the  route 
that  had  been  pointed  out  by  Columbus  on  the  charts.  As  these  pilots  had 
little  confidence  in  the  statements  which  had  been  made  to  them,  so  they 
were  destitute  of  the  zeal  which  was  requisite  to  success.  They  returned 
and  made  an  unfavourable  report ;  and  Columbus,  offended  at  the  man- 
ner in  which  he  had  been  treated,  left  the  country. 

Columbus  was  too  confident  of  the  correctness  of  his  theory  to  abandon 
his  scheme ;  and,  accordingly,  he  sent  his  brother  Bartholomew  to  England, 
to  state  his  views  with  respect  to  the  sphericity  of  the  earth,  and  to  offer 
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lis  services  to  Henry  the  Seventh  for  conducting  a  voyage  of  discovery ; 
at  the  same  time  he  went  into  Spain^  and  spent  eight  years  in  endeavouring^ 
to  get  his  proposals  accepted  in  the  service  of  that  country.  Here  again 
the  conduct  of  those  with  whom  he  had  to  negociate,  determined  him  to 
quit  the  country  in  disgust ;  when,  by  the  liberal  oflfer  of  the  queen  he  was 
recalled,  and  his  services  engaged  on  the  17th  of  April,  1492.  Bartholo- 
mew had  met  with  the  greatest  difficulty  in  accomplishing  the  object  of  his 
mission  in  England,  although  the  theory  on  which  his  confidence  was 
grounded,  was  not  cavilled  at  as  it  was  on  the  continent ;  but,  even  when 
the  matter  was  brought  fairly  under  the  notice  of  the  king,  he  was  too 
much  engaged  in  a  war  for  the  reduction  of  Scotland,  to  give  to  the  pro- 
posal the  attention  it  deserved.  And  he  delayed  so  long  before  he  would 
accept  the  offer  of  Bartholomew  on  behalf  of  Christopher  Columbus,  that 
that  navigator  had  been  fully  engaged  in  the  service  of  Spain,  and  had 
made  his  first  discovery  on  behalf  of  king  Ferdinand  before  he  knew  the 
result  of  his  brother^s  negociation ;  and  hence,  all  that  was  valuable  in  the 
services  of  such  a  man,  and  all  the  advantages  that  resulted  from  his  genius, 
intelligence,  zeal,  and  enterprise,  were  lost  to  England. 

Columbus  having  been  engaged  by  the  king  and  queen  of  Spain,  prepa- 
rations were  made  during  the  summer  of  1492  for  the  expedition ;  and  on 
the  3rd  of  August  he  left  Spain  with  three  vessels,  two  of  which  were  no 
better  than  vessels  which  are  now  commonly  used  in  the  coasting  trade. 
A  hundred  and  twenty  men  were  all  that  he  required  to  serve  in  his  squad- 
ron; and  even  this  small  number  could  not  be  prevailed  on  to  enter 
voluntarily  into  the  service ;  recourse  was  therefore  had  to  impressment  to 
complete  it.  He  proceeded  to  the  Canary  Islands,  where  the  vessels  were 
re-fitted ;  and  he  sailed  thence,  on  the  6th  of  September,  in  a  westerly 
course.  The  fears  of  the  crew  were  so  strong  during  the  voyage,  that  it 
required  all  the  ingenuity  of  a  mind  fertile  in  expedients  to  allay  them, 
and  to  prevail  on  the  men  to  continue  the  voyage.  A  variety  of  indica- 
tions of  the  proximity  of  land  had  appeared  previously  to  the  evening  of 
the  1 1th  of  October,  when  about  ten  o'clock,  a  light  was  seen  by  Columbus, 
and  pointed  out  by  him  to  one  or  two  of  his  attendants :  this  Ught  appeared 
and  disappeared  several^times,  and  hope  was  raised  to  the  highest  pitch  of 
confidence.  About  two  o'clock  on  the  morning  of  the  12th  of  October, 
land  was  discovered  from  the  pinta;  and  notice  of  it  was  given  by  the 
firing  of  guns :  it  was  an  island ;  and  when  Columbus  landed  and  took 
possession  of  it  in  the  name  of  the  king  of  Spain,  he  gave  to  it  the  name 
of  San  Salvador.  Several  other  islands  were  afterwards  discovered ;  but  the 
continent  of  America  was  not  discovered  during  this  voyage.  Columbus 
spent  nearly  three  months  amongst  those  islands ;  and  then,  sailing  again 
for  Europe,  he  arrived  in  Spain,  on  the  15th  of  March,  1493. 

The  fame  of  Columbus  had  no  sooner  spread  over  Europe,  than  an  in- 
tense desire  was  felt  to  know  more  of  those  remote  lands ;  and  to  share 
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the  advantages  of  the  extensive  range  which  was  presented  for  commercial' 
enterprise.  In  September^  1493^  Columbus  sailed  again  with  seventeen 
vessels^  and  1500  men;  and  as  in  this  voyage^  he  continued  to  make 
further  discoveries  of  islands^  he  did  not  return  till  the  summer  of  1496. 
In  a  subsequent  expedition  which  he  conducted  in  1498^  he  discovered^ 
together  with  other  islands^  the  main-land  of  South  America ;  but^  whilst 
he  was  prosecuting  his  enterprise  in  the  new  world,  he  was  arrested^  by 
order  of  the  king^  and  conducted  back  to  Spain  in  chains. 

The  English  were  roused  by  the  events  that  interested  all  Europe^  to 
a  consideration  of  the  honour^  as  well  as  the  advantage,  which  had  been 
acquired  by  foreigners  who  had  been  foremost  in  these  adventures :  more 
particularly  was  John  Cabot,  a  Venetian  merchant  of  great  wealth  and 
superior  intelligence,  who  was  at  that  time  residing  at  Bristol  with  his 
three  sons.  Of  these,  Sebastian,  the  second,  who  is  best  known  in  history, 
was  then,  in  1496,  nineteen  years  old ;  he  had  been  early  trained  to  the  study 
of  geography,  navigation,  and  astronomy,  in  which  he  made  considerable 
attainments :  John  Cabot  offered  his  services  to  the  king,  to  conduct  a 
voyage  of  discovery  with  the  view  of  finding  a  north-west  passage  to  India, 
and  Henry  readily  accepted  his  proposal,  granting  him  a  charter  for  that 
purpose,  dated  the  5th  of  March,  1496.  About  a  year  after  the  granting 
of  this  charter,  Sebastian  Cabot  sailed  (probably  with  his  father)  in  a  ship 
named  the  MattheWy  which  was  fitted  out  at  Bristol,  accompanied  by  three 
or  four  other  vessels  fitted  out  principally  by  London  merchants,  and 
fireighted  with  such  commodities  as  were  deemed  suitable  to  barter  with 
imdvilized  people.  On  the  24th  day  of  June,  1497,  in  about  fifty-six 
degrees  of  north  latitude,  land  was  discovered.  Very  little  is  known  of  this 
voyage  beyond  the  fact  of  its  being  associated  with  the  discovery  of  land 
which  was  supposed  to  be  an  island.  The  second  charter  was  granted  to 
Cabot,  on  the  3rd  of  February,  1498,  and  the  design  of  the  voyage  under- 
taken by  virtue  of  this  charter,  seems  to  have  been  to  realize  the  benefits 
which  the  former  discovery  promised ;  Cabot  was  authorised  to  take  six 
ships  out  of  any  haven  in  the  kingdom,  of  the  burthen  of  200  tons  and 
under.  A  third  voyage  was  made  to  the  gulf  of  Mexico,  in  1499,  when 
the  vessels  coasted  along  part  of  the  isthmus  of  Darien ;  but  very  little 
is,  however,  known  of  these  expeditions  beyond  the  £act  of  their  having 
been  performed. 

In  the  year  1502,  king  Henry  granted  a  charter  to  Hugh  Elliot  and 
others,  licensing  them  to  sail  "  with  such  ships  and  mariners  as  they  should 
judge  proper,^'  into  all  parts  of  the  eastern,  southern,  western  and  northern 
seas,  in  order  to  discover  any  parts  which  had  not  then  been  discovered,  and 
brought  under  the  obedience  of  any  of  his  confederate  Mends.  No  pe- 
cuniary assistance  was  supplied  to  these  people,  whose  own  resources  were 
insufficient  to  the  accomplishment  of  any  great  enterprise ;  and  they  re- 
turned with  no  better  success  than  Cabot  had  realized. 
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In  the  year  1499,  Americua  Vesputius,  a  Florentine  navigator,  in  the 
service  of  the  king  of  Spain,  made  some  discoveries  on  the  coast  of  South 
America.  Ck>lnmbus  having  at  that  time  some  powerful  enemies  at  court, 
the  honour  of  having  discovered  the  continent  was  given  to  his  rival,  after 
whom  the  whole  country  was  named. 

These  adventures  in  navigation  all  pointed  out  the  importance  of 
improvements  in  marine  architecture;  for  though  ships  of  considerable 
burthen  were  not  now  uncommon,  yet  they  were  far  fix)m  being  nu- 
merous; and  the  voyages  which  distinguished  this  era  were  for  the  most 
part  performed  in  vessels  of  very  moderate,  and  inconveniently  small  di- 
mensions, and  firail  construction.  An  impulse  was  given  by  these  events  to 
ship-building,  the  force  of  which  has  never  been  wholly  lost ;  and  successive 
alterations  and  improvements  have  been  introduced  with  various  degrees 
of  success. 

The  Venetians  and  Genoese  appear  to  have  kept  generally  in  advance 
of  the  other  nations  in  the  building  of  ships.  These  commercial  states, 
after  peace  had  been  restored  between  them,  made  great  progress  in 
marine  architecture ;  their  carracks  and  galleases  were  of  peculiar  con- 
struction ;  some  built  at  Genoa  as  early  as  about  the  year  1452,  are  said 
to  have  measured  from  1500  to  2000  tons  burthen.  Towards  the  close  of 
the  fifteenth  century,  great  improvements  were  made  in  the  construction 
of  ships^  particularly  in  the  Mediterranean,  in  vessels  which  became  dis- 
tinguished as  ships  of  war.  Shortly  after  this,  the  use  of  cannon  on  differ- 
ent decks,  by  means  of  port-holes^  which  had  their  origin  about  this 
time,  added  materially  to  the  force  of  ships  of  war;  the  port-holes  were  at 
first  circular;  and  so  small,  that  there  was  scarcely  sufficient  space  for  the 
gun  to  be  trained  in  the  least  degree ;  but  the  size  of  the  ports  was  af- 
terwards increased  so  much  as  to  obviate  in  a  great  measure  this  inconve- 
nience. In  order  to  adapt  the  construction  of  ships  to  this  innovation 
it  was  necessary  to  alter  the  form  of  their  sides ;  as  the  falling  out  of 
the  sides  of  the  old  galleys  was  ill  suited  to  the  carrying  of  guns; 
for  this  purpose,  the  Venetians  gave  to  the  sides  of  their  ships  a  great 
tumbUng-home.  This  alteration  was  soon  imitated  by  other  states ;  and  par- 
ticularly by  the  Spaniards ;  and  it  was  carried  to  an  extreme  which  was 
soon  shown  to  be  inconvenient,  but  which  growing  experience  gradually 
corrected ;  and  the  more  moderate  tumbling-home,  similar  to  that  of  some  of 
the  old  French  and  Spanish  ships,  was  introduced.  Their  masts,  which  were 
five  in  number,  continued  the  same  till  nearly  the  end  of  the  reign  of 
Charles  the  First ;  and,  in  conformity  to  the  most  ancient  usage,  they  were 
without  division.  Descharge,  a  French  builder  at  Brest,  is  said  to  have 
been  the  inventor  of  port-holes ;  and  they  were  used  in  England  in  the 
early  part  of  the  sixteenth  centu^}^ 

The  galley,  galleon,  and  galleas  being  names  commonly  given  to  vessels 
of  war  in  the  Mediterranean,  d\iring  the  fifteenth  century,  it  may  be  proper 
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to  show  in  what  their  difference  consisted.  Both  the  galleon  and  the 
galleas  were  similar  in  construction  to  the  galley ;  the  galleon^  from  having 
additional  height  of  top-side^  was  considerably  broader,  and  something 
shorter  than  the  galley.  The  galleons  were  vessels  of  war^  carrying  guns ; 
and  were  generally  placed  in  the  front  of  the  line  of  galleys :  they  ap- 
pear to  have  carried  guns  on  the  broadside  between  the  oars^  of  which  they 
carried  three  banks  or  tiers ;  the  vessels  of  this  description  were  likewise 
furnished  with  guns  at  the  head  and  stem^  as  well  as  the  galley,  but  with  a 
greater  number  and  of  large  calibre.  It  is  recorded,  that  at  the  battle  of 
Lepanto,  which  was  fought  on  the  7th  of  October,  1571,  some  of  them  car- 
ried eight  demi-cannon  {Plate  9,)  nearly  equal  to  our  thirty-two  pounders : 
this  classs  of  vessels  spread  over  the  Mediterranean ;  and,  in  1588,  there 
were  four  of  them  in  the  Spanish  service,  each  of  which  is  said  to  have 
carried  fifty  guns. 

As  the  use  of  the  galleon  increased,  the  use  of  oars  was,  of  course,  super- 
seded by  that  of  sails ;  this  alteration  appears  to  have  taken  place  to  a  con- 
siderable extent  in  the  vessels  belonging  to  Venice  and  Genoa.  The  galleon 
necessarily  contained  such  additional  breadth  and  height  as  qualified  it  for 
the  use  of  cannon  {Plate  10,  Fig.  1,)  which  by  that  time  had  become  an 
important  part  of  naval  artillery ;  but  the  structure  of  the  galleon  was  often 
too  unwieldy  for  management ;  and  the  Spaniards,  who  aimed  at  superiority 
in  naval  architecture,  still  retained  much  of  the  peculiarities  of  the  galley  in 
some  of  their  ships ;  as  may  be  observed  by  the  engraving  of  one  of  their 
ships,  which  was  destroyed  with  the  Armada.  {Plate  10^  Fig.  2.) 

Previously  to  the  reign  of  Henry  the  Seventh,  it  had  been  common  for 
the  kings  of  England  to  rely,  often  entirely,  and  always  to  a  great  extent, 
upon  the  Cinque  Forts  for  the  supply  of  shipping  in  times  of  war;  but 
Henry^s  policy,  advancing  with  obvious  necessity,  led  to  the  establishment 
of  a  royal  navy,  the  foundation  of  which  was  laid  in  the  building  of  the 
Great  Harry  {Plate  11,)  at  an  expense  of  fourteen  or  fifteen  thousand 
pounds ;  this  ship  was  accidentally  burnt  at  Woolwich  in  the  year  1558. 

There  is  an  account  of  the  building  of  a  large  ship  called  the  Great 
Michael,  in  Scotland,  in  the  year  1506.  She  was  240  feet  in  length,  and 
86  feet  wide  within  the  sides ;  and  ten  feet  thick  in  the  wall  and  boards ; 
she  was  the  largest  ship  that  had  ever  sailed  from  England  or  France  ;* 
probably  she  was  too  weak  in  construction  and  combination  to  sustain  so 
immense  a  mass  of  material,  as  she  was  lost  on  h^  way  to  France  in  1512. 

In  the  report  made  in  1$05  by  the  commissioners  for  revising  the  civil 
affairs  of  the  navy,  it  is  stated  that  the  permanent  naval  force  during  this 
reign  consisted  of  only  fifty-seven  vessels^  each  carrying  twenty-one  men 
and  a  boy.  Henry  died  in  April,  1509 ;  and  was  succeeded  by  his  son 
Henry  the  Eighth, 

*  Charnock,  Vol.  I.  pp.  359-00. 
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This  monarchy  in  the  early  part  of  his  reign^  showed  a  disposition  to 
employ  and  to  improve  the  navy  of  England.  Whether  the  mere  love  of 
display  might  be  the  ruling  passion^  or  whether  a  true  regard  for  the 
interests  of  the  nation  prompted  him  to  raise  the  navy  to  a  state  superior 
to  what  it  had  previously  been^  it  is  not  necessary  to  inquire.  In  the  year 
1511,  when  the  king  of  Arragon  applied  to  Henry  for  succour  in  his  con- 
test against  the  Moors^  the  king  sent  over  four  '^  royal  ships/^  accompanied 
with  a  small  land  force ;  these  were  not,  however,  employed ;  and  on  being 
dismissed,  they  were  presented  with  a  small  acknowledgment  of  the  favour 
the  king  had  shown  in  sending  them. 

Henry  also  revived  the  project  for  invading  Prance,  to  recover  the  pro- 
vinces which  the  English  had  formerly  conquered,  but  which  had  been 
subsequently  lost ;  he  therefore  immediately  caused  new  ships  to  be  built, 
and  the  old  ships  to  be  rigged ;  and  abundance  of  other  preparations  to  be 
made  for  commencing  the  war  with  vigour.  But  a  war  with  France  was 
not  so  national  an  object  as  it  had  formerly  been ;  it  was  considered  that 
the  material  alteration  in  the  manner  of  fighting  had  greatly  diminished 
the  chances  of  success,  by  raising  the  French  in  military  power.  The  first 
fleet  of  twenty  ships  which  was  fitted  out,  was  employed  under  the  com- 
mand of  Sir  Thomas  Howard,  for  the  conveyance  of  an  army  of  ten 
thousaad  men,  which  were  not,  however,  employed  in  any  way  towards  the 
recovery  of  the  French  provinces;  but  the  fleet  under  Sir  Edward 
Howard,  ravaged  the  coast  of  Brittany,  reducing  the  inhabitants  to  great 
distress ;  and  led  them  to  apply  to  the  English  Admiral  for  a  cessation  of 
hostilities. 

These  transactions  led  to  considerable  preparations  on  the  part  of  the 
French;  and  in  the  next  year,  1512,  they  fitted  out  a  fleet  of  thirty-nine 
sail  in  Brest  harbour.  King  Henry  likewise  then  fitted  out  all  the  re- 
maining ships  and  galleys  that  he  had;  and  these  were  ordered  to  join  the 
principal  fleet.  Before,  however,  they  proceeded  to  sea,  the  king  reviewed 
them  at  Portsmouth;  they  were  '^twenty-five  ships  of  great  burthen;'^  and 
when  they  had  joined  the  principal  fleet,  the  whole  amounted  to  forty-five 
sail.  This  fleet  sailed  for  a  short  time  along  the  coast  of  Brittany,  and 
the  French  hastened  out  of  the  harbour  to  meet  them,  when  each  party 
appeared  eager  to  engage.  They  began  the  engagement  with  great  fury ; 
but  the  most  remarkable  event  that  occurred,  was  the  destruction  of  the 
two  largest  ships,  in  the  act  of  close  conflict ;  these  were,  the  French  ship 
Cordelier,  and  the  English  ship  Sovereign,  which  was  consida^d  to  be 
the  laigest  ship  in  Europe ;  they  were  grappled  together  in  action,  when 
the  former  of  them  became  enveloped  in  flames,  which  were  communicated 
to  the  latter.  The  result  was,  that  they  both  blew  up ;  but  the  origin  of 
the  calamity  was  never  accounted  for;  the  catastrophe  struck  the  beholders 
with  terror,  and  the  action  was  suddenly  terminated,  whilst  the  conclusion 
deprived  both  parties  of  any  just  claim  to  a  victory.    The  English,  how- 
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cyer,  rallied ;  and  tho  next  day  they  began  to  booht  the  channel^  in  which 
they  took  a  great  number  of  French  vessels^  "  small  and  great/^  and  burnt 
such  BS  they  were  unable  to  send  home. 

In  consequence  of  the  loss  of  the  Sovereign,  Henry  ordered  a  still  larger 
ship  to  be  built^  called  the  Henry  Grace  de  Dieu  {Plate  12) ;  she  is  said 
to  have  cost  nearly  eleven  thousand  poimds ;  and  in  a  list  of  the  navy^ 
given  by  Mr.  Pepys^  her  burthen  is  stated  to  have  been  1,500  tons,  al- 
though most  other  accounts  say  she  was  only  1000  tons. 

Early  in  the  year  1518  a  fleet  was  fitted  out,  and  sent  to  sea  under  the 
command  of  Sir  Edward  Howard,  who,  on  arriving  upon  the  coast  of 
Brittany,  found  the  French  fleet  lying  in  the  harbour  of  Brest.  Perceiv- 
ing that  it  was  impossible  to  conduct  his  ships  into  the  harbour  to  attack 
the  French,  he  set  out  from  his  fleet  with  a  small  number  of  row-barges 
and  boats  to  attack  them ;  thus  setting  an  example  of  that  dangerous  kind 
of  service  in  which  so  much  heroism  has  been  displayed  in  later  ages. 
The  intrepid  admiral  in  the  foremost  boat  appeared  at  first  to  gain  some 
advantages;  but  those  who  followed,  failing  to  support  him,  gave  the 
French  an  opportunity  to  rally,  which  they  did,  and  completely  overcame 
the  admiral  and  his  boat^s  crew,  and  with  their  pikes  forced  him  and 
almost  the  whole  of  them  overboard;  this  event  so  dejected  the  English^ 
that,  without  making  any  further  attempt  upon  the  enemy,  they  returned 
at  once  to  England. 

At  this  time  the  Scotch  were  in  alliance  with  the  French;  and  in  the 
prosecution  of  the  war  that  was  now  going  on  between  England  and 
Scotland,  James  the  Fourth  of  the  latter  was  killed  in  the  battle  of  Flodden 
Field ;  and  after  this  event,  both  Heniy  and  Louis  were  willing  to  nego- 
tiate for  peace ;  and  both  Francis  the  First  (who  soon  succeeded  to  the 
throne  of  France),  and  Maximilian  the  First,  Emperor  of  Oermany,  showed 
a  disposition  to  court  the  friendship  of  King  Henry.  This  harmony  pre- 
vailed, however,  only  a  few  years ;  the  Emperor  of  Oermany  and  the  SLing 
of  France  were  both  desirous  to  have  the  alliance  of  England ;  the  former 
succeeded,  and  England  and  France  were  soon  involved  in  a  war,  which 
began  in  1522,  and  lasted  till  1527.  Sir  Thomas  Howard,  who  had  been 
created  Earl  of  Surrey,  and  appointed,  after  the  death  of  his  brother, 
admiral  of  England,  was  also  appointed  by  the  emperor,  admiral  of  his 
navy,  ^' which  consisted  of  one  hundred  and  eighty  tall  ships.'^ 

During  the  first  year  of  the  war,  the  employment  of  the  navy  was  of  a 
desultoiy  character,  doing  considerable  damage  to  tho  Frendi,  without 
tending  materially  to  advance  the  objects  which  war  generally  contem- 
plates. In  1523  an  attempt  was  made  by  the  French  to  bum  the  English 
fleet  lying  at  Calais ;  but  the  vessel  which  they  had  provided  for  that  pur- 
pose missed  the  entrance  of  the  harbour  in  the  night ;  and  being  then 
set  on  fire,  and  driven  ashore  at  a  short  distance  from  the  town,  betrayed 
the  attempt,  and  exposed  its  failure.      During  this  year  an  insufficient 
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protection  was  maintamed  in  the  channel^  a  drcamstance  of  which  the 
French  took  advantage^  bj  sending  ont  small  squadrons  to  attack  English 
vessels  near  their  own  shores ;  one  of  these  squadrons^  consisting  of  six 
vessels,  attacked  an  English  galley  of  about  forty  tons.  Although  the 
latter  was  imperfectly  manned,  a  most  resolute  fight  was  maintained  for 
about  five  hours;  the  arrows  of  the  English  being  at  length  aU  expended, 
they  endeavoured  to  secure  their  ultimate  safety  by  flight.  In  this  con- 
dition the  galley  was  seen  firom  Sandwich  haven,  and  a  bark  was  imme- 
diately sent  out  to  her  relief;  the  French  then  relinquished  the  pursuit  of 
the  galley  to  attack  the  bark ;  the  crew  of  the  latter  defended  her  for 
several  hours,  until  their  arrows  were  all  spent,  and  the  masts  beaten 
down;  when  having  no  longer  the  means  of  defence  or  escape,  she  was 
carried  by  the  enemy,  who  conducted  her  into  Dieppe. 

After  the  French  war  was  concluded  in  1527,  the  occasions  for  naval 
service  presented  by  the  war  with  Scotland  were  not  sufficient  to  engage 
the  requisite  amoimt  of  attention  to  that  establishment.  During  this 
interval,  both  the  navy  and  the  important  naval  stations  on  the  southern 
coast  sank  into  an  almost  defenceless  condition;  and  hence  in  the  year 
1540,  when  there  was  some  prospect  pf  a  war,  Henry  caused  all  the  most 
convenient  landing-places  to  be  surveyed  and  fortified,  and  ships  to  be 
prepared  for  sea,  ^' to  his  great  cost  and  charges ;''  but  the  crisis  did  not 
arrive  till  1543,  and  then  the  operations  of  the  war  were  carried  on  prin- 
cipally by  land. 

At  that  time  the  war  with  Scotland  was  being  carried  on ;  and  Henry 
sent  thither  a  fleet  of  nearly  two  hundred  vessels,  which  conveyed  an  army 
of  ten  thousand  men ;  but  little  more,  on  an  average,  than  fifty  men  to  each. 
During  this  war  a  general  license  was  given  for  fitting  out  privateers,  to  be 
employed  against  the  subjects  of  both  France  and  Scotland,  wilihout  bei&g 
liable  to  render  any  account  for  the  prizes  they  took.  They  soon  brought 
in  a  large  number  of  French  vessels;  and  as  the  opportunities  were 
diminished  of  seizing  vessels  belonging  to  the  national  enemies,  those 
belonging  to  neutral  states  were  Ukewise  captured,  which  gave  great  dis- 
content; and  English  merchants^  ships  were  detained  in  foreign  ports  with 
a  view  to  obtain  restitution.  Little,  however,  appears  to  have  been  done 
by  the  navy  until  1545  :  the  French  then  fitted  out  a  fleet  of  more  than 
two  hundred  sail,  besides  galleys,  with  a  design  of  invading  England. 
Whilst  these  were  lying  in  port,  waiting  to  have  the  preparations  for  the 
expedition  completed.  Lord  Dudley,  the  English  Admiral,  made  an  attempt 
to  bring  the  French  to  a  general  engagament,  as  he  was  unable  to  enter 
the  harbour  with  his  fleet  to  attack  the  French  there.  His  fleet  consisted 
of  one  hundred  and  sixty  sail ;  and  having  approached  sufficiently  near  to 
fire  upon  the  French  ships,  their  galleys  hastened  out  to  engage  the 
English;  but  as  the  wind  soon  increased,  both  parties  were  obliged  to 
discontinue  the  action,  the  galleys  to  return  to  the  security  of  the  port. 
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foundation  and  settled  the  constitution  of  the  present  royal  navy/'*  The 
admiralty  and  navy  board  were  formed,  and  the  Trinity-house  founded ; 
offices  were  appointed  for  the  regular  transaction  of  business  relating  to 
the  navy;  and  the  officers  were  directed  to  assemble  in  committee  once 
a  week,  on  Tower-hill,  to  deliberate  on  the  best  means  of  promoting  the 
efficiency  of  the  naval  establishment,  and  to  make  a  monthly  report  of  their 
proceedings  to  the  Lord  High  Admiral.  The  dockyards  of  Woolwich  and 
Deptford  were  established,  and  that  at  Portsmouth  greatly  improved.  But 
notwithstanding  the  advance  which  was  made  in  the  navy  as  a  national 
establishment,  the  services  to  which  the  Cinque  Ports  were  liable,  were 
still  enforced  when  they  were  required.  The  royal  naval  power  in  the  time 
of  war  did  not,  according  to  Derrick,  exceed  12,455  tons,  and  7,730  soldiers 
and  mariners :  at  the  death  of  the  king  it  "  consisted  of  71  vessels,  thirty 
of  which  were  ships  of  burthen,  and  contained  in  all  10,550  tons;  and  two 
were  galleys,  and  the  rest  were  small  barks  and  row-barges  fix>m  80  tons 
downwards  to  15  tons,  which  served  in  rivers,  and  for  landing  of  men.''t  X 

In  the  reign  of  Edward  the  Sixth,  Uttle  service  was  required  of  the  navy; 
a  war  with  Scotland  occasioned  the  most  important  expedition  that  was 
undertaken.  The  fleet  employed  on  this  occasion  amounted  to  sixty-five 
sail,  of  which  thirty -five  were  "  ships  of  force ; ''  the  rest  were  employed  in 
the  conveyance  of  provisions  and  ammunition,  partly  for  the  service  of  the 
army,  wliich  marched  northwards  by  land,  and  arrived  in  Scotland  about 
the  same  time  as  the  fleet.  Much  injury  was  done  to  that  country  by  this 
fleet,  which  ravaged  the  coast,  enterii^  the  ports,  and  destroying  the  ships 
and  vessels  that  were  in  them ;  so  that  it  was  said  they  did  not  leave  a 
single  ship  of  force  in  the  kingdom.  As  soon  as  a  respite  was  obtained, 
the  Scotch  took  effectual  means  to  firustrate  the  designs  of  the  English  in 
this  war ;  and  when  this  was  seen  to  be  the  case,  the  path  was  open  for  the 
restoration  of  peace,  which  was  concluded  in  1549.  The  navy  declined 
materially  during  this  reign,  although  there  appears  to  have  been  a  regular, 
but  limited  employment  of  it  in  the  winter  and  summer  guards, — ^the 
former  consisting  of  2150  tons  of  shipping,  with  1516  men,  and  the  latter 
of  2540  tons,  with  1780  men.  There  were  twenty-four  ships  and  pinnaces 
in  good  condition  for  service,  one  of  which  is  supposed  to  have  been 
the  Henry  Grace  de  Dieu,  then  called  the  Edward;  and  twenty-two  others, 
in  various  conditions,  make  up  the  total  of  the  navy  in  1552.§ 

Edward  the  Sixth  died  in  July,  1553,  and  was  succeeded  by  his  sister 
Mary,  during  whose  reign,  little  relating  to  the  navy  claims  to  be  noticed, 
except  that  that  establishment  continued  to  diminish ;  when  the  country 
was  on  the  eve  of  a  war  with  France  in  the  year  1557,  it  consisted,  accord- 
ing to  Mr.  Pepys's  statement,  of  no  more  than  twenty-one  ships  and  vessels 


*  Campbell,  Vol.  I.,  p.  323.  +  Derrick's  Memoirs  of  the  Royal  Navy,  p.  10. 

t  Plate  13  is  that  of  a  Gonocsc  cari*ack  of  1542.  §  Pepys*  Miscellauies. 
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of  4380  tons  burthen^  carrying  302  arqucbusiers,  668  soldiers^  824  gunners^ 
and  1988  mariners.  The  war  which  followed  was  not  productive  of  any 
valuable  results  to  the  navy ;  the  fleet  was  united  with  a  Spanish  fleet  in 
some  of  the  operations ;  nothing  was  gained ;  and  the  result  of  it  was^ 
that  Calais^  the  last  remnant  of  English  conquests  in  France^  was  lost.  In 
the  negodations  for  peace  which  followed,  the  restoration  of  this  place  was 
at  first  urged ;  but  the  queen  died  in  November,  1568,  before  the  peace 
was  concluded. 

The  reign  of  Queen  Elizabeth  may  be  regarded  as  a  new  era  in  the 
maritime  history  of  this  country,  not  only  by  the  immediate  consequences 
that  resulted  to  England  in  the  rise  of  its  naval  power  to  its  then  sur- 
passing eminence ;  but,  by  that  private  enterprise  in  navigation  and 
commerce,  which  so  materially  advanced  the  prosperity  of  the  country 
beyond  what  it  had  previously  reached.  These  enterprising  adventures 
were  generally  encouraged  by  the  queen  and  her  council,  in  a  manner 
which  increased  both  their  energy  and  their  importance. 

With  respect  more  particularly  to  the  British  navy,  it  may  be  ob- 
served, that  as  only  a  remnant  of  it  remained,  when  Elizabeth  came  to 
the  throne,  so  whatever  efforts  were  made  towards  its  improvement 
during  the  early  part  of  her  reign,  appear  to  have  aimed  more  at  the 
quality  of  the  ships  which  composed  it,  than  at  the  increase  of  their 
number.  The  service  of  the  navy  was  soon  required,  as  the  negodation 
for  peace  had  not  been  concluded  during  the  life  of  Queen  Mary;  and, 
subsequently  to  the  conclusion  of  peace  in  the  following  year,  owing 
partly  to  the  imsettled  relations  between  England  and  Scotland,  it  was 
frequently  necessary  to  employ  a  squadron  for  the  purpose  of  suppress- 
ing irregular  proceedings  in  the  channel.  A  general  permission  having 
been  given  for  privateering,  that  practice  degenerated  into  indiscriminate 
piracy,  by  which  neutral,  as  well  as  belligerent  states  suffered ;  the  prac- 
tice was  checked  by  a  vigorous  employment  of  a  small  squadron  in  scouring 
the  channel. 

As  soon,  however,  as  the  country  was  free  from  the  charge  and  the 
anxiety  of  war,  the  queen  directed  her  attention  more  particularly  to  the 
condition  of  the  navy ;  she  ordered  a  special  survey  of  it  to  be  made,  and 
the  causes  of  its  recent  decay  investigated;  ships  of  various  sizes  were 
built,  adapted  both  for  war  and  commerce ;  and  large  quantities  of  arms 
were  imported  from  Germany,  with  which  the  arsenals  were  well  supplied : 
gunpowder  was  made,  and  brass  ordnance  cast  for  the  service  of  the  navy 
in  England,  whereas  these  things  had  been  formerly  imported  from  abroad. 
But  that  which  appears  to  have  tended  most  extensively  to  improve  the 
maritime  power  of  England,  was  the  encouragement  the  queen  gave  to 
l)cr  wealthy  subjects  to  build  ships  of  burthen,  and  promote  and  extend  navi- 
gation generally ;  and  by  this  means,  principally,  the  maritime  condition 
of  England  soon  became  so  altered,  that  Elizabeth  was  called  by  foreign- 
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ers  the  restorer  of  the  glory  of  shipping,  and  queen  of  the  North  sea,* 
Durmg  a  number  of  years  subsequently  to  Elizabeth's  accession^  the  num- 
ber of  ships  in  the'navy  appears  to  have  been  decreasing;  for^  in  1565^  the 
navy  consisted  of  twenty-nine  ships  and  vessels,  but  in  1578,  it  consisted 
of  only  twenty-four  ships  of  all  sizes ;  the  largest  was  the  THumph  of  1000 
or  1100  tons;  and  the  smallest  the  Geor^^  of  not  quite  60  tons.f  ''At 
the  same  time,  all  the  ships  throughout  England  of  100  tons  and  upwards, 
were  but  one-hundred  and  thirty-five;  and  all  under  100  and  upwards 
of  40  tons,  were  six-hundred  and  fifty-six.^J  Seven,  out  of  the  twenty- 
four  ships  of  1578,  became  unfit  for  service  within  the  ten  succeeding  years; 
but,  during  that  interval,  a  greater  number  of  new  ships  were  built ;  for, 
in  the  fleet  sent  out  against  the  Spanish  Armada,  there  were  eighteen  new 
ships  employed,  the  largest  of  which  was  the  Royal  Ark  of  800  tons;  the 
Elizabeth  Bonadventure  was  of  600  tons ;  three  ships  were  of  500  tons 
each;  and  the  remainder  were  of  less  burthen. § 

It  must  not  be  understood  that  the  defence  of  England  rested  upon 
the  very  limited  navy  which  belonged  to  the  government;  recourse  was  had 
to  merchant  ships,  which  were  hired  for  the  temporary  service,  as  a  con- 
siderable number  of  these  when  fitted  for  war,  were  classed  as  line^f-battle 
ships,  carrying  at  least  between  40  and  58  guns.|| 

The  extended  voyages  which  had  become  common  since  the  beginning 
of  the  century,  and  which  were  growing  increasingly  important  under 
the  reign  of  Elizabeth,  proved  and  frequently  illustrated  the  importance 
of  cultivating  marine  architecture,  and  of  rendering  the  improvements  in 
this  art  commensurate  with  the  growing  demands  of  commerce  and  enter- 
prise. Already  a  sheathing  had  been  applied  as  a  protection  to  the 
j  bottom  of  ships  employed  in  navigating  the  West  Indian  seas ;  and  as  early 
as  the  year  1553  the  English  applied  a  metallic  sheathing,  a  practice  of 
which  the  Spaniards  had  previously  given  an  example. 

In  the  year  1577  Captain  Francis  Drake  undertook  that  voyage,  which 
has  ever  since  been  memorable  in  English  maritime  history;  but  the 
squadron  which  he  fitted  out  for  an  expedition  into  the  Pacific  ocean, 
showed  most  clearly  the  urgent  necessity  of  increasing  the  dimensions  of 
vessels  suitably  to  the  greater  hazards  incident  to  long  and  dangerous 
voyages.  Five  vessels  constituted  this  squadron ;  the  Pelican,  of  100  tons 
burthen ;  the  Elizabeth,  of  80 ;  the  Swan,  a  fly-boat,  of  50 ;  the  Mary  gold, 
of  30 ;  and  the  Christopher,  a  pinnace  of  15  tons.  And  they  were  manned 
with  164  men,  gentlemen,  and  sailors.  During  the  voyage  a  variety  of 
disasters  occurred,  only  three  of  the  vessels  passed  through  Magellan's 
Straits;  these  were  afterwards  separated;  one  was  never  again  heard  of; 
a  second  returned  to  England,  the  captain  of  her  despairing  of  meeting 

*  Camden,  Strype'fl  Annals.  t  Chamock,  vol.  2,  pp.  55,  58  ;  Berriclc. 

%  Campbell,  vol.  1,  p.  425.  §  Chamock,  vol.  2,  pp.  59, 60.  ||  Burchett. 
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again  with  Drake;  whilst  Drake  alone  in  the  Pelican,  accomplished  all 
that  had  been  designed  in  the  expedition ;  plundering  the  Spaniards^  both 
by  sea  and  land^  of  immense  treasure^  with  which  he  returned  by  the  Cape 
of  Oood  Hope,  and  arrived  at  Plymouth,  after  an  absence  of  two  years 
and  nearly  ten  months. 

The  assistance  which  the  queen  supplied  to  Holland  when  that,  with 
the  other  provinces  of  the  Netherlands,  was  endeavouring  to  throw  off  the 
yoke  of  Spain,  led  the  queen  to  expect  a  rupture  with  that  country.  This 
apprehension  was  confirmed  by  several  occurrences;  and  preparations 
were  made  to  defend  the  nation  when  the  crisis  should  arrive,  if  the  stroke 
could  not  be  averted.  The  naval  preparations  of  Spain  were  far  greater 
than  the  English  could  make;  and  it  appears  to  have  been  the  design  of 
the  EngHsh  government  to  destroy  those  preparations  before  they  should 
have  been  completed,  as  in  April,  1587,  Drake  was  sent  out  with  '^four 
large  ships  and  twenty-six  smaller  vessels,^'  which  were  supplied  by  the 
citizens  of  London.  Whether  or  not  it  is  possible  to  arrive  at  a  certainty 
with  regard  to  the  instructions  this  commander  received  for  the  conduct 
of  his  expedition,  this  appears  dear,  that  his  attention  was  directed  against 
whatever  naval  preparations  he  found  in  the  ports  of  Spain.  Proceeding 
to  Cadiz,  he  found  lying  in  the  bay  a  richly '>laden  fleet,  which  he  imme- 
diately attacked,  and  destroyed  "  one  hundred  vessels  laden  with  ammuni- 
tion and  naval  stores,  and  sank  two  galleons,^^  both  richly  laden.  When  he 
arrived  off  the  Tagus,  he  found  a  squadron  lying  there,  and  attempted  to 
induce  the  admiral,  commanding  it,  to  give  him  battle ;  but  his  challenge 
Was  given  in  vain.  So  extensive,  however,  was  the  injury  done  to  the 
navy  of  Spain,  that  the  projected  invasion  of  England,  for  which  the  great 
preparations  were  making,  was  laid  aside  until  the  next  year;  and  the 
interval  was  employed  by  Spain>  principaUy  in  repairing  the  damage  that 
Drake  had  done;  and  by  the  English,  in  raising  to  the  best  possible  con- 
dition the  defensive  power  of  the  kingdom. 

At  length,  the  loss  of  the  Spanish  navy  having  been  repaired,  and  its 
preparations  completed.  King  Philip  caused  an  account  of  them  to  be 
pubhshed;  and  according  to  this  account,  it  ^^  consisted  of  133  ships, 
making  in  all  57,868  tons,  on  board  of  which  were  19,295  soldiers,  8,450 
mariners,  2,088  slaves,  with  2,630  pieces  of  cannon.^'* 

The  list  published  by  Chamock,  of  the  ships  constituting  the  Armada, 
differs  from  this  statement  in  some  degree ;  and  perhaps  the  details  of  it, 
which  cannot  be  given  here,  entitle  it  to  confidence. 

The  navy  of  England,  consisting  of  all  the  ships,  both  public  and 
private,  that  could  be  fitted  out  on  the  great  emergency  that  now  pre- 
sented itself,  amounted  to  a  hundred  and  ninety-seven  sail ;  only  thirty-four 
of  these  could,  however,  be  regarded  as  the  Royal  Navy ;  and  all  these 

*  Campbell,  Vol.  I.,  p.  431. 
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except  two,  were  below  1000  tons  burthen.  The  burthen  of  the  Drmmph 
was  1,100  tons,  and  that  of  the  White  Bear  1000  tons;  the  Royal  Ark 
and  the  Victory  were  800  tons  each;  the  Elizabeth  Banadventure,  the 
Mary  Rose,  and  the  Hope,  were  600  tons  each.  There  were  six  ships  of 
500  tons  each,  three  of  400,  one  of  860,  one  of  300,  two  of  250,  two  of 
200,  one  of  150,  two  of  120,  and  one  of  100  tons ;  the  remaining  eight 
Yaried  from  90  to  80  tons.  The  burthen  of  these  thirty-four  ships  and 
vessels  amounted  to  11,850  tons.  There  were  eighty-three  ships  varying 
from  400  to  100  tons  burthen,  amounting  altogether  to  14,565  tons;  fifty- 
eight  vessels  varying  from  90  to  30  tons  each,  of  which  the  entire  burthen 
was  8,329  tons;  besides  these,  there  were  fifteen  victuallers,  and  seven 
other  vessels  of  which  the  tonnage  is  not  given.  These  all  accompanied 
the  Royal  Navy  when  it  sailed  forth  frt)m  the  ports  of  England  to  defeat 
the  Spanish  Armada. 

In  the  month  of  May,  the  Armada  being  ready,  and  all  the  prepara- 
tions for  the  enterprise  made,  it  put  to  sea  on  the  28th  of  that  month;  and 
on  the  following  day  a  gale  of  wind  did  so  much  damage  to  the  ships,  that 
they  were  obliged  to  return  into  port  to  be  refitted.  This  occasioned  a 
delay  of  several  weeks ;  and  intelligence  of  the  disaster  having  reached 
England,  it  was  supposed  the  danger  of  invasion  was  over  for  the  season, 
and  Walsingham  was  ordered  to  write  to  the  Admiral  Lord  Efibigham, 
directing  him  to  lay  up  some  of  the  ships,  and  to  discharge  the  seamen ; 
but  his  advice,  to  keep  all  the  ships  in  a  condition  ready  for  service,*  ap- 
pears to  have  prevailed. 

In  July  the  Armada  was  again  ready  for  sea ;  and  on  the  19th  of  that 
month,  intelligence  of  its  approach  was  conveyed  to  Lord  Effingham  as  he 
lay  at  Plymouth  with  the  fleet.  He  hastened  out,  and  the  next  morning 
the  Armada  came  in  sight,  arranged  in  the  form  of  a  crescent,  extending 
several  miles  in  length.  In  the  inferiority  of  the  English  ships  in  com- 
parison of  those  of  Spain,  it  was  deemed  advisable  to  follow  at  a  con- 
venient distance,  to  seize  any  opportunity  that  might  occur  to  distress  the 
enemy,  without  a  hazardous  exposure  of  the  English  ships;  and  two 
large  ships,  being  accidentally  injured,  and  unable  to  keep  up  with  the 
body  of  the  fleet,  soon  fell  into  the  hands  of  the  squadron  commanded  by 
Sir  Francis  Drake.  Several  skirmishes  took  place  as  the  fleets  were 
sailing  up  the  channel,  resulting  favourably  to  the  English;  as  the 
Spaniards  lost  fifteen  capital  ships  in  the  engagement,  whilst  the  English 
lost  only  one. 

An  army  had  been  assembled  ready  to  embark,  under  the  command  of 
the  Duke  of  Parma ;  the  fleet  was  brought  to  an  anchor  off  Calais,  waiting 
for  an  opportunity  to  effect  this  embarkation.  As  the  fleet  lay  at  anchor,  a 
number  of  fire-ships  was  sent  against  it,  when  the  Spanish  ships  were  obliged 

*  Camden. 
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to  fly  in  confusion.  The  presence  of  a  Dutch  squadron  rendered  the  em- 
barkation of  the  army  impracticable ;  and  the  Spanish  officers^  in  a  council 
of  war,  soon  came  to  the  conclusion,  that  no  hope  remained  of  carrying 
into  effect  the  projected  invasion.  Tempestuous  weather  scattered  their 
ships^  many  of  which  were  wrecked,  and  only  fifty-three  returned  to  Spain. 

There  was  a  striking  difference^  generally,  between  the  English  and  the 
Spanish  ships ;  many  of  the  latter  were  large  and  unwieldy^  and  were  good 
objects  for  attack  by  cannonade ;  whilst  either  firom  the  character  of  the 
shipsj  or  the  unskilfiilness  of  the  seamen  in  managing  them,  they  could  be 
approached  and  fired  into^  without  much  danger,  by  their  more  active 
antagonists,  who  then  retired  to  a  safe  distance;  whilst,  with  but  few 
exceptions,  the  English  vessels  were  so  low  in  the  water  that  the  shots 
from  the  galleons  passed  over  them ;  a  fSEu;t  which  showed  sufficiently  that 
too  little  attention  had  been  paid  to  the  dimensions  of  the  ports  and  the 
means  of  working  the  guns.  Their  largest  ship  was  of  1,550  tons  burthen ; 
but  although  no  uniformity  was  maintained  between  the  burthen  of  the 
Spanish  ships  and  their  armament,  their  tonnage  was  generally  large  in 
relation  to  their  force, — a  superiority  which  long  distinguished  them. 
Further,  as  the  science  of  naval  architecture  was  formerly  encouraged 
more  in  Spain  than  elsewhere,  the  ships  of  that  country  were  before  those 
of  the  more  northern  nations  of  Europe,  in  possessing  the  excellence  of 
form  from  which  both  fast  sailing  and  other  good  qualities  result.  This 
superiority  was  exhibited  in  some  of  the  Spanish  ships  which  were  captured 
at  the  battle  of  Trafalgar.  Plate  14  represents  one  of  the  largest  of  the 
few  large  ships  in  the  British  navy  about  the  same  time. 

Probably  no  event  in  the  history  of  this  country  ever  called  forth  a  more 
energetic  display  of  national  feeling  and  patriotic  courage,  than  was  called 
forth  at  the  approach  of  the  Spanish  Armada. 

It  appears  to  have  been  now  an  established  maxim,  that  the  navy  was 
the  greatest  bulwark  of  the  kingdom;  and  the  importance  of  it,  as  a 
national  defence,  in  the  recent  alarming  circumstances,  having  been  so 
signally  displayed,  the  annual  sum  of  eight  thousand  nine  hundred  and 
seventy  pounds  was  set  apart  for  the  repairs  of  it. 

Several  expeditions  were  afterwards  undertaken,  during  this  reign,  against 
the  Spaniards;  but  most  of  the  ships  employed  in  them  belonged  to 
private  adventurers.  And  hence,  in  a  time  when  so  much  was  seen  to 
depend  on  the  dominion  of  the  sea,  the  royal  navy  increased  with  a 
comparatively  slow  growth,  when  viewed  in  connection  with  the  events  of 
the  time ;  for  the  nation  was  kept  in  constant  apprehension  for  several 
years,  that  repeated  attempts  would  be  made  by  the  Spaniards  to  aocom- 
phsh  the  invasion,  and  it  was  conceived  that  the  most  poUtic  course  was  to 
send  such  a  fleet  out  occasionally,  as  would  be  able  effectually  to  derange 
the  proceedings  of  Spain,  and  prevent  her  sending  out  a  powerful  ar- 
mament. 
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Some  material  improvements  took  place  in  naval  architectnre ;  and  sir 
Walter  Raleigh^  in  speaking  of  these,  says,  "  in  my  own  time  the  shape 
of  onr  English  ships  has  been  greatly  bettered/^  He  continues,  ^^  The 
striking  of  the  topmast  hath  been  devised,  together  with  the  chain  pump ; 
we  have  lately  added  the  bonnet  and  drabler  to  the  courses ;  we  have 
devised  studding-sails,  and  sprit-sails.  The  weighing  of  the  anchor  by  the 
capstan  is  also  new.  We  have  fallen  into  consideration  of  the  length  of 
cables,  and  by  it  we  resist  the  malice  of  the  greatest  winds  that  can 
blow;  we  have  also  raised  our  second  decks/'  Improvements  in  the 
general  state  of  the  navy  went  on  firom  the  time  that  England,  by  joining 
with  Holland,  subjected  herself  to  the  prospect  of  a  war  with  Spain ;  and 
during  the  last  twenty  years  of  the  queen's  life,  the  royal  navy  was  almost 
doubled.  At  her  death,  which  occurred  in  March,  1603,  it  consisted  of 
forty-two  ships  and  vessels,  whose  aggregate  burthen  amounted  to  about 
17,110  tons :  the  THumph,  of  1000  tons,  which  was  one  of  the  largest,  was 
a  68-gun  ship;  and  the  annual  expenditure,  during  the  latter  part  of  this 
reign,  is  said  to  have  been  thirty  thousand  pounds. 

The  accession  of  James  the  First  was  followed  by  a  restoration  of  peace, 
as  soon  as  the  requisite  negociations  between  England  and  Spain  could  be 
completed.  The  peace  was,  however,  concluded  without  reference  to  the 
Dutch,  by  whose  alliance  the  British  fleet  had,  in  the  time  of  the  greatest 
danger,  received  essential  aid;  and  the  amicable  relations  which  were  now 
established  between  these  two  great  naval  powers,  whilst  the  war  was  con- 
tinued on  the  part  of  Holland,  led  to  a  constant  display  of  jealousy  and 
ill-feeling  of  the  Dutch  towards  the  English  for  a  number  of  years;  and 
this  was  almost  the  only  occasion  that  existed  for  the  maintenance  of  a 
fleet  in  commission  in  the  channel,  during  the  early  part  of  the  reign  of 
king  James. 

Sir  William  Monson  commanded  this  fleet ;  and  enforced  the  observance 
of  the  customary  mark  of  respect  to  the  British  flag,  with  so  much  rigour, 
that  the  Dutch  always  conceded  the  point  to  their  rival  in  maritime  power. 
For  the  English  and  Dutch  were  now  rivals  on  the  sea;  the  latter  having, 
since  the  recent  period  at  which  their  navy  had  had  its  origin,  cultivated 
that  power  with  indefatigable  diligence  and  perseverance,  as  a  national 
object,  until  it  had  acquired  a  very  formidable  character. 

It  was  with  difficulty  that  the  English  could  provide  the  means  for  main- 
taining the  fleet  in  the  channel  during  this  period ;  and  we  find  particular 
inquiry  was  made  with  regard  to  a  reduction  in  the  expense  of  the  naval 
establishment,  under  the  earl  of  Nottingham,  as  lord  high  admiral,  an 
officer  of  experience  and  ability ;  and  the  result  of  the  inquiry  brought  the 
estimate  of  a  yearns  expenses  down  to  the  sum  of  £20,876  13^.  4rf.  One  of 
the  items  in  this  estimate  included  the  charge  ''for  graving  ten  of  his 
majesty^s  ships  yearly,  that  all  the  fleet  might  be  graved  once  in  three 
years;''  hence  it  appears  that  thirty  ships  were  considered  sufficient  for 
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the  service  of  the  country.*  The  inquiry  regarded  the  abuses  of  the  naval 
establishment^  and  was  directed  to  the  correction  of  them ;  and  much  was 
done  towards  improving  the  general  administration  of  its  affairs  by  this 
strict  investigation.  Naval  architecture  also  received  considerable  improve- 
ment firom  the  skill  and  labours  of  Mr.  Phineas  Pett^  who  constructed  the 
Prince  Royal  in  1610.  The  following  account  of  this  ship  is  copied  by 
Chamock  :f  ^^  This  year  the  king  builded  a  most  goodly  ship  for  warre^  the 
keel  whereof  was  114  feet  in  lengthy  and  the  cross-beam  was  44  feet  in 
length;  she  will  carry  sixty-four  pieces  of  ordnance, j:  and  is  of  the  burthen 
of  1400  tons.  This  royal  ship  is  double  built,  and  is  most  sumptuously 
adorned  within  and  without,  with  all  manner  of  curious  carving,  painting, 
and  rich  gQding,  being  m  all  respects  the  greatest  and  goodUest  ship  that 
ever  was  builded  in  England;  and  this  glorious  ship  the  king  gave  to  his 
son,  Henry  pince  of  Wales;  and  the  24th  of  September,  the  king,  the 
queen,  the  duke  of  York,  and  the  lady  Elizabeth,  with  many  great  lords, 
went  unto  Woolwich  to  see  it  launched;  but  because  of  the  narrowness  of 
the  dock,  it  could  not  then  be  launched;  whereupon  the  prince  came  the 
next  morning  by  three  o'clock,  and  then  at  the  launching  thereof  the 
prince  named  it  after  his  own  dignity,  and  called  it  the  Prince.  The 
great  workmaster  in  building  this  ship  was  master  Phineas  Pett,  gen- 
tleman, some  time  master  of  arts  at  Emmanuel  college,  Cambridge.''§ 

A  circumstance  is  noticed  in  1613,  that  Mr.  Pett  began  to  victual  all  the 
shipwrights  and  workmen  then  employed. 

In  April  1606,  Mr.  Phineas  Pett  was  elected  and  sworn  the  first  Master 
of  the  Shipwrights'  Company.  On  this  occasion,  he  says,  they  kept  a  feast 
with  a  great  number  of  their  firiends  at  the  '^  King's  Head,"  New  Fish- 
street.  And,  on  the  new  charter,  granted  in  1612,  to  the  master,  wardens, 
and  commonalty,  of  the  art  and  mystery  of  ship-building,  for  incorporating 
the  shipwrights  of  England,  he  was  ordained  the  first  master. 

In  1619,  a  reference  is  made  to  the  wardens  and  assistants  of  the  Ship- 
wrights' Company,  respecting  the  survey  of  ships  at  Deptford;  and  in  the 
Naval  Minutes  of  Mr.  Pepys,  it  is  observed,  that  "  the  Shipwrights'-Hall 
did  anciently  view  and  approve  of  the  draughts  of  ships  that  were  to  be 
built  for  the  king,  and  survey  them  in  the  building." 

The  successful  efforts  of  Pett  established  his  fame,  whilst  they  advanced 
the  interest  and  power  of  the  British  navy;  and  the  fame  thus  acquired 
descended  to  his  posterity  with  the  profound  secrecy  of  his  profession.     The 

*  Chamock,  Yol.  IL.  p.  186.  t  Vol.  II.,  pp.  197-8. 

t  The  Prince  ordinarily  mounted  fifty-five  pieces  of  ordnance,  having  vacant  ports  to 
be  supplied  in  the  time  of  action. — Chamock,  VoL  II.,  pp.  197  and  274. 

§  Shortly  before  this  period.  Sir  Walter  Raleigh  wrote  the  first  work  connected  with 
naval  improvements,  wluch  no  doubt  had  much  influence  in  creating  the  great  interest 
that  took  place  about  this  time  in  naval  matters.  He  wrote  two  discourses,  one  on  the 
invention  of  Shipping,  and  the  other  on  the  Royal  Navy  and  Sear«ervice. 
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impulse  which  was  now  given  to  naval  architecture  was  so  well  sustained^ 
that  when  the  commissioners^  appointed  in  1618,  drew  up  a  statement  of 
the  navy,  it  was  shown  that  there  had  been  sixteen  new  ships  and  vessels 
added  to  it  during  the  fifteen  years  of  the  reign  of  king  James ;  but  several 
of  them  were  very  small.*  The  bold  deviation  firom  established  usage 
with  which  Mr.  Pett  set  out,  raised  the  character  of  British  ships  of  war, 
and  contributed  mainly  to  that  extension  of  naval  power,  by  which  England 
afterwards  became  so  eminently  distinguished.  The  commissioners  gave  a 
list  of  forty-two  ships  and  vessels ;  twenty-seven  of  which  were  deemed  ser- 
viceable, although  eighteen  of  them  were  a  part  of  the  remainder  of  Eliza- 
beth's navy ;  and  eight  of  these  had  been  employed  against  the  Armada  in 
1588.  The  burthen  of  this  serviceable  part  of  the  navy  was  11,970  tons, 
and  that  of  the  unserviceable  part  was  4070,  making  together  16,040  tons ; 
but  the  tonnage  of  several  of  these  ships  varies  from  what  was  stated  to  be 
their  burthen  at  the  close  of  the  last  reign.  Of  the  fifteen  ships  and  vessels 
that  were  considered  imfit  for  future  service,  the  TViumph  was  the  largest ; 
and  four  galleys  of  100  tons  each,  and  several  smaller  vessels  had  been 
t  launched  since  the  accession  of  James.f  The  commissioners  in  taking 
\  notice  of  the  dimensions  of  ships,  afiSrm  that,  according  to  the  judgment  of 
I  the  most  skilful  men,  the  length  should  be  three  times  the  breadth,  and 
that  the  breadth  should  have  a  like  proportion  to  the  depth;  but  that  a 
ship  should  not  draw  more  than  sixteen  feet  water;  as  they  state  that  deeper 
ships  are  not  good  sailers,  and  are  unsafe  both  in  our  rivers,  and  on  the 
\  shallows  of  our  coasts. 

Only  one  naval  expedition  was  undertaken  in  the  latter  part  of  king 
James's  reign ;  and  that  signally  failed  of  sustaining  the  reputation  of  the 
EngUsh  at  sea.  The  expedition  against  Algiers  was  executed  in  1620; 
and  the  fleet  which  was  fitted  out  for  that  service,  consisted  of  six  king's 
ships,  from  400  to  600  tons ;  and  twelve  ships  from  100  to  800  tons,  hired 
of  merchants.  Such  a  force  sent  out  to  inflict  an  effectual  chastisement  on 
that  city  for  the  piracies  committed  by  Algerine  ships,  returned,  as  Sir 
William  Monson,  when  he  was  consulted  on  the  subject,  expressed  his 
opinion  that  it  would,  without  having  performed  any  important  service ; 
and  that  able  commander  afterwards  remarked,  '^  This  ill-carried  action 
was  a  sufficient  subject  of  scorn  for  all  nations  to  laugh  at,  considering  the 
reputation  this  nation  had  gained  in  their  former  expeditions  by  sea." 
Little  more  of  any  interest  in  the  navy  occurred  during  the  reign  of 
James,  which  ended  on  the  27th  of  March,  1626,  in  the  sixtieth  year  of 
his  age. 

Charles  the  First  succeeded  his  father  on  the  throne ;  and  was  influenced 
in  his  councils  almost  entirely  by  the  duke  of  Buckingham,  as  the  late 
king  had  been ;   this  influence  of  the  duke  was  highly  important,  as  he 

*  Chamock,  Tol.  II.,  p.  213.  t  Vol.  II.,  pp.  212-13. 
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still  held  the  office  of  lord  high  admiral^  to  which  he  had  been  appointed 
in  1618. 

A  war  with  Spain  had  commenced  in  1624 ;  but  little  was^  however^ 
done  towards  carrying  it  on.  The  first  naval  expedition  that  was 
projected  in  this  reign  was  that  of  one  king's  ship^  and  six  ships^  each 
between  800  and  400  tons  burthen^*  hired  of  merchants^  to  serve  under 
the  orders  of  the  French  king  against  the  protestants  at  Bochelle^  whom 
severe  persecution  had  driven  to  form  themselves  into  a  distinct  commu- 
nity^ and  to  defend  themselves  within  the  strong  fortifications  of  that 
place :  the  fitting  out  of  this  trifling  squadron  is  interesting  only  as  it  re- 
spects the  conduct  of  the  officers  and  men  belongii^  to  the  ships.  By  the 
instructions  given  to  captain  Pennington^  it  was  understood  that  they  were 
to  serve  under  the  orders  of  the  king  of  France  against  the  Qenoese ;  but 
when  they  arrived  at  Dieppe,  the  service  for  which  they  had  been  really 
intended  became  known;  and  as  both  officers  and  men  disliked  that  ser-^ 
vice,  they  returned  to  the  Downs.  When  captain  Pennington  reported 
to  the  king  his  return,  he  was  ordered  to  sail  again  to  Dieppe,  and  to  place 
his  squadron  in  the  hands  of  the  French  king;  this  order  was  obeyed  with 
respect  to  all  the  ships  except  one,  which  her  captain.  Sir  Ferdinando 
Gorges,  refused  to  leave  for  such  a  service,  and  again  brought  her  to 
England ;  at  the  same  time  both  the  officers  and  men  of  the  whole  squad* 
ron,  with  the  exception  of  one  gunner,  returned  likewise;  the  gunner  was 
killed  as  he  was  charging  a  cannon  before  Bochelle. 

The  war  with  Spain  was  not  supported  by  a  national  feeling;  and  when, 
in  October,  1625,  a  fleet  was  fitted  out  to  destroy  the  ships  and  naval  stores 
iu  the  harbours  of  Spain,  the  king  found  no  other  means  to  obtain  the 
money  that  was  required  for  this  expedition,  than  the  issuing  of  privy  seals 
for  compulsory  loans  of  lus  subjects.  A  fleet  of  eighty  sail  was  fitted  out ; 
a  part  only  of  this  fleet  consisted  of  Enghsh  ships — a  Dutdi  squadron  com- 
posing the  other  part;  in  this  fleet  5000  mariners  were  employed,  and 
10,000  troops  were  embarked.  Having  sailed  firom  Plymouth  under  the 
command  of  viscount  Wimbledon,  a  storm  soon  came  on  which  dispersed 
the  ships ;  but  proceeding  onwards  to  the  place  of  rendezvous,  they  as- 
sembled about  the  19th  of  the  same  month  oS  Cape  St.  Vincent :  an  at- 
tempt was  made  upon  Cadiz ;  but  being  ill  managed,  it  fSailed  of  gaining 
any  advantage,  as  the  Spanish  ships  were  allowed,  through  the  tardiness 
of  the  English,  to  retire  to  a  place  of  safety  before  an  attempt  was  made  to 
capture  them ;  and  the  attack  upon  the  place  itself  was  rendered  fruitless 
by  the  divisions  amongst  the  officers,  and  the  want  of  discipline  amongst 
the  men.  The  other  service  which  was  directed  to  be  performed,  was  the 
capture  of  the  homeward-bound  galleons  loaded  with  treasure ;  the  fleet 
did  not,  however,  proceed  immediately  to  intercept  them  ;   and  a  disease 

*  CaiApbell,  Vol.  2,  p.  116. 
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Cromwell,  and  in  the  reign  of  Charles  the  Second.  At  length,  this  ship 
was  laid  np  at  Chatham  in  order  to  be  rebuilt ;  but  she  was  accidentally 
burnt,  on  the  27th  of  January,  1696.  This  ship  appears  to  have  been  the 
first  three-decked  ship  built  in  England.  An  original  picture  is  said  to  have 
been  painted  by  Yandevelde  {Plate  15,  and  the  form  of  the  body,  sheer, 
and  half-breadth  plans  are  given  in  Plate  16,  with  the  comparative  lines 
of  a  three-decked  ship  of  the  present  day).   Her  dimensions  were  as  follow  : 

Length  on  the  gun  deck 173  feet    0    in. 

„      of  the  keel  for  tonnage 139    „     llf  „ 

Breadth,  extrcfme 50    „      0     „ 

Depth  in  hold 20    „      0     „ 

Burthen  in  tons 1861H 

The  Royal  Sovereign  was  not,  however,  the  first  [three-decked  ship  we  1 
have  on  record,  since  a  Spanish  ship  with  three  decks,  named  the  Philip,  | 
was  engaged  with  the  Revenge,  Sir  Bichard  Grenvil,  off  the  Azores,  in  1591. 
The  Philip  is  described  in  an  account  written  by  Sir  Walter  Raleigh,  who 
states,  ''The  Philip  carried  three  tier  of  ordnance  on  a  side,  and  eleven 
pieces  in  everie  tier.     She  shot  eight  forth  right  out  of  her  chase,  besides 
those  of  her  stem-ports.  Before  this  period,  likewise.  Chapman,  the  Swedish 
author,  mentions  a  ship  of  great  dimensions,  called  the  Makalos,  which  was 
burnt  in  an  action  between  the  Swedes  and  Danes  in  1564.     He  states  her 
length  to  have  been  168,  and  breadth  43  English  feet ;  her  armament,  one 
hundred  and  seventy-eight  gims,  sixty-seven  of  which  were  cannon,  and 
the  rest  swivels. 
f      Chamock  observes  that  ''  the  wonderful  stride  towards  the  improvement 
>  of  ship-building  in  general,  and  more  particularly  in  vessels  intended  for 
warlike  purposes,  appeared  to  promise  a  rapid  ascension  to  what  should 
experimentally  be  considered  as  the  ne  plus  ultra  of  perfection.    Amidst  I 
every  surrounding  foible  and  improvident  mark  of  conduct,  the  attention 
of  Charles  to  this  great  naval  concern  was  apparent  in  every  action  of  his 
regal  life,  as  long  as  he  was  permitted  to  exercise  the  functions  of  a  king^ 
uncontaminated  and  without  restraint.'^* 

In  1636  and  1689  fleets  were  fitted  out ;  at  the  first  period  to  restrain 
the  Dutch  firom  fishing ;  when  they  engaged  to  pay  a  considerable  sum  for 
permission  to  fish  without  molestation ;  and  the  service  of  the  fleet  was  no 
further  required.  In  the  latter  year,  the  fleet  was  fitted  out  in  consequence 
of  a  combination  of  the  French  and  Dutch  fleet  to  prevent  the  Spaniards 
from  having  access  by  sea  to  the  Netherlands.  King  Charles  was  requested 
to  concur  in  this  arrangement ;  but  declining  to  do  this,  he  engaged  to  be 
neutral.  The  fleet  which  was  stationed  in  the  Downs  under  the  command 
of  Sir  John  Pennington,  was  ordered  to  maintain  the  neutrality  of  the 
English  ports ;  and  as  the  Spaniards  had  taken  refuge  in  the  Downs  whilst 
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the  Dutch  were  waiting  for  an  opportunity  to  attack  them.  Sir  John  ac- 
quainted the  commanders  of  both  fleets,  that  he  should  stand  opposed  to 
that  fleet  by  which  the  neutrality  of  an  English  harbour  should  be  vio- 
lated.* The  Spaniards  were  the  first  to  fire  upon  their  enemies ;  and  the 
Dutch  admiral.  Van  Tromp,  reminded  the  English  admiral  of  his  declara- 
tion, requesting  that  if  he  would  not  join  in  attacking  the  Spanish  fleet, 
he  would,  at  least,  allow  him  to  do  so  alone.  To  the  latter  part  of  the  mes- 
sage no  objection  appears  to  have  been  made;  as  Van  Tromp  immediately 
weighed  anchor,  approached  the  Spanish  fleet  in  order,  and  cannonaded  it 
so  severely,  that  only  ten  of  their  ships  ultimately  escaped,  being  either 
sunk,  burnt,  stranded  on  shore,  or  taken  by  the  Dutch.f  In  this  afiair, 
there  is  sufficient  evidence  of  the  respect  paid  to  the  British  flag,  in  the 
forbearance  and  conduct  oi  Van  Tromp.  And  this  was  the  last  service  in 
which  king  Charles  employed  his  navy. 

The  ship-money  constituted  the  means  of  supporting  the  navy,  whilst 
the  parliamentary  function  was  suspended — a  period  of  eleven  years.  When 
a  parliament  was  called  in  the  ^ring  of  1640,  a  debate  was  soon  brought 
on,  with  a  view  to  devise  some  means  of  abolishing  or  superseding  that  tax ; 
but  during  the  progress  of  the  debate,  the  assembly  was  hastily  dissolved : 
this  rash  step  led  to  much  evil.  ParUament  again  assembled  on  the  8rd 
of  November,  in  the  same  year,  and  obtained  the  privilege  of  being  indis- 
soluble except  by  its  own  consent. 

When  the  civil  war  broke  out  in  1642,  the  possession  of  the  navy  became 
an  object  of  the  first  importance.  The  parliament,  by  one  of  those  bold 
marks  of  poUcy  which  gave  them  the  ascendant  power,  got  the  fleet  under 
their  own  controul.  At  this  time  it  was  found  to  have  diminished,  since  1638, 
from  fifty  to  forty-two  ships,  amounting  only  to  about  22,400  tons ;  this  fact 
is  at  variance  with  the  statements  of  the  apologists  of  king  Charles,  who 
represent  the  navy  as  continually  increasing,  and  improving,  during  the 
period  in  which  ship-money  was  levied. 

The  earl  of  Warwick  was  appointed  to  the  commana  oi  the  fleet ;  and 
other  officers  were  appointed  under  him,  favourable  to  the  parUamentary 
interest.  It  is  true  that,  during  the  civil  war,  little  service  was  required 
of  the  navy ;  but  it  Vas  maintained  in  good  order ;  and  a  strong  squadron 
was  fitted  out,  and  appointed  a  guard  in  the  channel,  every  summer ;  and 
by  this  precaution  the  hope  of  introducing  foreign  aid  in  support  of  the 
royalist  party  was  cut  ofi".  A  vessel  loaded  with  arms  escaped  firom  the 
parliamentary  fleet,  only  by  being  run  ashore. 

So  long  as  the  earl  of  Warwick  was  retained  in  command  of  the  fleet, 
that  establishment  continued  faithfiil  to  its  masters;  but  when  he  was 
superseded  by  colonel  Ramsborough  in  1648,  a  mutiny  broke  out,  and  the 
colonel  and  those  officers  who  supported  his  command  were  put  on  shore. 


*  Rushworth,  voL  3.  t  Campbell,  vol  2,  pp.  194,  8. 
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Seveuteen  ships  revolted^  declRred  for  the  king^  sailed  over  to  Holland,  and 
submitted  to  the  command  of  the  prince,  who  made  several  ineffectual 
attempts  during  the  short  time  he  was  able  to  retain  this  fleet,  to  advance 
his  father's  interests.  The  earl  was,  however,  quickly  re-instated;  and  by 
a  wise  course  of  conduct^  he  succeeded  in  recovering  the  most  material 
part  of  the  revolted  fleet. 

The  parliament  appear  to  have  attached  great  value  to  the  navy,  as  long 
as  the  functions  of  government  were  in  their  hands,  and  the  same  import- 
ance was  attached  to  the  navy  under  the  commonwealth ;  as  the  repubUcan 
government  showed  the  greatest  regard  to  the  promotion  and  increase  of 
naval  prosperity.  ^'Independent  of  those  ships  which  still  remained  to 
them  as  having  once  formed  a  part  of  the  royal  navy,  four  first  or  second 
rates,  and  nine  or  ten  third  rates,  had  been  added  to  it  before  the  com- 
mencement of  the  war  with  Holland.'^*  It  has  been  stated  that  at  the 
origin  of  the  commonwealth,  the  country  could  fit  out  no  more  than  four- 
teen ships  of  war^  some  of  which  carried  only  forty  guns ;  but  that  within  the 
three  years  immediately  following,  the  navy  so  increased,  that  they  could 
command  a  fleet  consisting  of  twenty-three  ships  of  the  first,  second,  and 
third  rates,  thirty-one  fourth  rates,,  and  nearly  fifty  of  inferior  magnitude. 
So  much  energy  was  developed  by  the  English^  even  when  the  whole  order 
of  society  was  deranged. 

Sir  Robert  Slingeby,  comptroller  of  the  Navy,  states,  in  his  '*  Discourse& 
touching  the  past  and  present  state  of  the  Navy/'  "  But  since  these 
great  distractions  became  at  home  (alluding  to  the  times  of  the  Common* 
wealth),  forraigne  trade  decayed,  and  merchants  so  discouraged  firom  build- 
ing, that  there  hath  been  scarce  one  good  merchant  ship  built  these  twenty 
years  past>  and  of  what  there  were  then  i^  being,  either  by  decays  or  acci- 
dent, there  are  very  few  or  none  remaining ;  the  merchants  have  found 
their  private  conveniences  in  being  conveyed  at  the  publick  charge,  they 
take  no  care  of  making  defence  for  themselves  if  a  warr  should  happen.'' 
While  he  states  that  in  the  time  of  Charles  the  First,  ''The  merchants  con- 
tinued their  trade  during  the  warrs  with  France  and  Spain,  if  they  could  but 
two  or  three  consort  together,  not  caring  who  they  met."  At  this  time,  it 
would  appear  that  the  merchant  ships  were  little  inferior,  either  in  strength 
or  burthen,  to  the  ships  of  the  Boyal  Navy.  In  his  Discourses,  he  recom- 
mends, that  measures  should  be  taken  to  check  the  evil,  and  expresses  much 
regret  at  the  decay  of  mercantile  shipping,  from  their  importance  to  the 
state. 

The  earl  of  Warwick  was  superseded  in  the  command  of  the  fleet  in 
1649,  by  Blake,  Deane,  and  Popham  jointly,  or  by  any  two  of  them;  two 
years  afterwards  the  appointment  was  renewed ;  and  in  March,  1652,  Blake 
was  appointed  "  sole  general  of  the  fleet  for  nine  months." 


*  Charnock,  Vol.  II.,  p.  294. 
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The  first  Dutch  war  was  declared  in  July,  1652.  There  had,  however, 
been  a  naval  engagement  between  an  English  fleet  and  a  Dutch  fleet  two 
months  before.  The  immediate  cause  of  this  engagement  appears  to  have 
been  a  jealousy  regarding  the  customary  mark  of  respect  to  the  British 
flag ;  but  it  is  disputed  whether  the  English  or  the  Dutch  began  the  action. 
This  was  followed  by  the  capture  of  a  squadron  of  twelve  ships  of  war, 
appointed  to  protect  the  Dutch  fishing  busses  before  war  was  declared. 
After  the  declaration  of  war,  it  was  prosecuted  with  such  indefatigable  per- 
severance, that  four  general  engagements  tried  the  power  of  both  states 
before  the  end  of  the  following  November,  whilst  ability  and  courage  were 
as  conspicuous  in  the  last  as  in  the  first  engagement;  and  in  both  fleets 
alike. 

The  following  list  gives  the  dimensions,  burthen,  and  force  of  the 
largest  ship  in  each  of  the  rates,  as  given  in  the  fifth  volume  of  Pepys's 
Miscellanies. 


Batet. 

Names. 

Length 

Breadth. 

Depth. 

Bttrdiea. 

Highest  No.  of 

Men. 

Guns. 

First 

Second 

Third 

Fourth 

Fifth 

Sixth 

Sovereign 

Fairfax 

Worcester 

Buby 

Kightingale 

Greyhound 

Feet. 

127 
116 
112 
105i 

88 

60 

Feet.  in. 
46     6 

34    9 

32    8 

31     6 

25    4 

20    3 

Feet.  in. 
19     4 

17    4i 
16    4 
15    9 
12    6 
10    0 

Tona. 
1141 

745 

661 
556 
800 
120 

600 
260 
180 
150 
90 
80 

100 
52 
46 
40 
24 
18 

The  greatest  industry  jMrevaaled  in  refitting  and  improving  the  fleets  of 
both  England  and  Holland  during  the  winter;  and  in  less  than  three 
months  after  the  last  general  engagement,  in  which  admiral  Blake  had 
sustained  a  defeat,  he  was  again  in  command  of  a  strong  fleet,  amounting 
to  seventy  sail,  with  which  he  took  his  station  in  the  channel^  to  intercept 
a  home-ward  bound  Dutch  merchant  fleet,  under  the  protection  of  a  very 
strong  convoy,  commanded  by  Van  Tromp.  On  the  18th  of  February,  the 
Dutch  fleet  arrived,  consisting  of  a  naval  force,  it  is  supposed  about  equal 
to  that  of  the  English,  and  between  two  and  three  hundred  sail  of  merchant 
ships.  The  engagement  consequent  upon  this  meeting,  occupied  such 
portions  of  three  days,  as  the  fleets  could  be  brought  into  action :  the 
British  admirals  reported  that  in  these  three  days^  engagements,  they  took  or 
destroyed  eleven  men-of-war,  and  thirty  merchant  ships ;  that  they  killed 
about  two  thousand  men,  and  took  fifteen  hundred  prisoners;  and  that, 
although  the  English  ships  sufiered  severely,  only  one  was  lo8t,-^which 
when  the  captain  saw  it  was  impossible  to  save,  he  and  all  his  men  left 
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her^  and  she  sank ;  and  that  their  loss  in  men  was  about  equal  to  that  of 
the  Dutch. 

The  long  parliainent^  in  whose  interest  the  Dutch  war  had  been  begun^ 
was  dissolved  in  the  spring  of  1658 ;  but  the  war  was  carried  on  with  vigour 
by  OHver  Cromwell^  for  several  months  Iong».  During  the  progress  of 
this  war  the  navy  increased  rapidly;  an  accumulation  of  ships  of  war  de- 
veloped resources  for  maritime  warfSare  beyond  any  preceding  period;  and 
the  energy  with  which  the  war  was  carried  on^  proved  how  well  the  English 
sustained  their  national  character  for  courage  and  naval  skiU.  Great  pre- 
parations were  made  for  conducting  the  naval  operations  during  the 
summer^  and  the  principal  fleet  intended  for  the  channel  service^  consisted 
of  ninety-five  ships  of  war,  and  five  fire-ships ;  the  command  of  which 
was  given  to  admirals  Monk  and  Deane.  Van  Tromp,  in  the  command 
a  fleet  of  about  the  same  number  of  ships,  was  the  object  of  their 
search.  The  two  fleets  met  on  the  morning  of  the  second  of  June,  and 
an  action  was  begun  in  the  course  of  the  forenoon,  which  was  main- 
tained for  four  hours;  but  a  confusion  arising  in  the  Dutch  fleet,  the 
admiral  was  unable  to  restore  order,  and  therefore  maintained  a  retreat- 
ing fight  till  the  evening,  when  one  of  their  large  ships  blew  up. 

In  the  evening  of  this  day,  Blake  arrived  with  a  squadron  of  eighteen 
sail,  to  reinforce  the  English  fieet ;  and  preparations  were  made  to  renew 
the  engagement  on  the  following  morning.  This  was  begun  about  eight 
o^clock  on  the  third  of  June ;  and  was  maintained  with  great  resolution  till 
noon,  when  Van  Tromp  was  again  obliged  to  retreat.  The  loss  of  the 
Dutch  amounted  to  nineteen  sail,  including  six  of  their  best  ships,  taken 
and  destroyed :  on  the  side  of  the  English,  but  few  men  were  lost,  and  not 
a  single  ship.* 

Van  Tromp  having  conducted  his  fleet  into  port,  became  subject  to  the 
blockade  of  an  English  fleet,  which  took  its  station  off  the  coast  of  Holland. 
In  this  state  of  affairs,  negotiations  were  commenced  for  the  restoration 
of  peace :  Cromwell  refused  to  discontinue  the  blockade  whilst  the  nego- 
tiations were  pending,  and  the  Dutch  exerted  their  utmost  power  to  restore 
their  fleet  to  a  condition  fit  for  putting  to  sea  again,  as  they  were  distrust- 
ful of  the  results  of  negotiation.  Whilst  Van  Tromp  directed  the  refitting 
of  the  fleet  that  had  lately  returned  fix)m  sea,  De  Witt  fitted  out  a  con- 
siderable number  of  new  ships,  some  of  which  were  superior  to  any  that 
had  been  previously  employed  in  the  Dutch  service.  By  the  end  of  July 
all  the  preparations  for  sea  were  completed ;  and  the  Dutch  succeeded  by 
stratagem  in  leaving  their  harbours  on  the  29th  of  that  month,  but  without 
coming  immediately  to  an  engagement.  The  next  day  the  state  of  the 
weather  kept  the  two  fleets  apart ;  but  on  the  81st  the  last  general  engage- 
ment in  this  war  was  fought ;  it  was  conducted  with  resolute  fury,  and 

*  Campbell,  YoL  IL,  pp.  261-3. 
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lasted  eight  hours.  The  braye  Van  Tromp  was  killed;  and  this  event  so 
affected  the  Dutch^  that  they  were  unable  much  longer  to  maintain  the 
action.  They  retreated,  and  were  pursued ;  disorder  followed,  and  the  loss  of 
twenty*six  ships  was  the  result  of  this  action ;  the  rest  succeeded  in  getting 
into  the  Texel.  Fire-ships  were  now  in  use ;  and  it  was  common  for  each 
fleet  in  these  general  engagements  to  be  provided  with  five  or  six  of  them ; 
and  in  this  action  the  English  had  two  ships  burnt.  The  negotiation  was 
revived  after  this  event ;  but  the  treaty  of  peace  was  not  concluded  imtil 
the  following  April. 

The  British  navy  was  now  forthwith  put  into  complete  repair,  and  in- 
creased by  a  considerable  number  of  new  ships ;  and  the  naval  arsenals 
and  magaadnes  were  well  supplied  with  stores  and  ammunition,  that  the 
country  might  be  in  a  situation  to  exert  its  energies  with  effect,  should  it 
be  again  engaged  in  a  war. 

The  first  service  in  which  a  fleet  was  employed  after  this,  was  to  obtain 
aatisfiiction  £rom  the  grand  duke  of  Tuscany  for  the  injury  the  English 
had  sustained  by  the  favour  he  had  shown  their  enemies  during  the  late 
war,  and  to  ptmish  the  piratical  states  of  Barbary  for  their  depredations. 
Admiral  Blake  sailed  with  a  fleet  of  thirty  ships  for  these  services ;  and 
performed  them  in  a  manner  that  gave  to  all  the  states,  bordering  on  the 
Mediterranean,  a  just  notion  of  the  power  of  a  British  fleet. 

An  expedition  was,  about  the  same  time,  sent  out  to  the  West  Indies, 
under  admiral  Penn,  the  object  of  which  was  to  obtain  possession  of  His- 
paniola ;  but  fiiiling  in  this,  the  attention  of  the  forces  was  next  directed 
against  Jamaica;  and  the  reduction  of  that  island  was  the  fruit  of  this  ex- 
pedition. This  necessarily  led  to  a  war  with  Spain ;  for  no  intimation  had 
been  given  to  excite  a  suspicion  that  England  contemplated  any  project 
adverse  to  the  interests  of  that  country.  France  was  united  with  England 
in  the  declaration  of  war  against  Spain;  and  a  squadron  was  sent  out  to 
join  admiral  Blake,  who  had  remained  cruising  in  the  Mediterranean  or 
near  the  Straits,  with  instructions  to  intercept  and  capture  the  Spanish 
galleons.  This  service  was  partially  accomplished, — two  of  the  ships 
having  been  captured,  two  sunk,  and  two  driven  ashore,  whilst  only  two 
escaped. 

In  1657,  Blake  received  information  that  several  Spanish  galleons  had 
arrived  at  the  Canaries,  and  were  lying  at  Teneriffe.  He  proceeded  to 
the  island;  and  notwithstanding  the  very  strong  fortifications  by  which 
the  harbour  was  defended,  he  entered,  to  the  astonishment  of  the  Span- 
iards, and  destroyed  all  their  ships.  This  was  the  last  naval  service  per- 
formed during  the  war. 

Under  the  protectorate,  the  navy  was  so  well  managed,  that,  at  the  death 
of  Cromwell,  it  consisted  of  157  ships ;  several  of  the  finest  of  which  had 
been  built  since  the  termination  of  the  war  with  Holland  j  and  forty  of 
them  were  foreign,  most  of  which  were  taken  in  the  Dutch  war ;  the  whole 
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amounting^  according  to  Bome  statemeBts^  to  at  least  62^252  tons.  Within 
a  few  years  some  material  improvements  had  been  introduced  into  the  build- 
ing of  ships^  especially  in  the  form  of  the  bottom.* 

The  restoration  of  monarchy  was  effected  by  means  of  the  navy :  this 
was  gained  over  to  a  compliance  with  the  orders  of  general  Monk,  who 
sailed  with  it  over  to  Holland,  whither  prince  Charles  and  his  brother  James 
had  come.  They  were  conveyed  to  England  forthwith;  and  arrived  in 
London,  on  the  29th  of  May,  1660,  where  the  prince  had  he&a.  already 
proclaimed  as  Charles  the  Second. 

When  the  form  of  government  was  settled,  James,  duke  of  York,  was 
appointed  lord  high  admiral,  and  lord  warden  of  the  Cinque  Ports  ;  and  it 
was  estimated  that  eight  hundred  thousand  pounds  would  be  necessary  for 
the  maintenance  of  the  navy  and  other  expenses,  which  had  formerly  cost 
only  eighty  thousand  pounds.  King  Charles,  on  his  restoration,  pledged 
himself  to  pay  particular  attention  to  the  interests  of  the  navy ;  and  during 
the  early  part  of  his  reign,  a  strict  regard  was  had  to  the  fulfilment  of  his 
pledge;  the  navy  flourished  more  than  the  other  establishments  of  the 
kingdom,  although  he  at  first  borrowed  money  &om  the  city  for  the  purpose 
of  fitting  out  a  fleet. 

The  wars  which  occurred  during  this  reign,  called  into  most  vigorous  ex- 
ercise all  the  naval  force  that  could  be  obtained  to  serve  in  them ;  they 
also  had  t^e  effect  of  increasing  the  maritime  establishments,  more  than 
any  former  exigences  of  the  state.  Perhaps  no  two  nations  had  ever  been 
so  well  able  to  carry  on  a  naval  war,  as  England  and  Holland  had  been 
since  the  middle  of  the  seventeenth  century.  In  the  course  of  the  second 
Dutch  war,  which  broke  out  in  1665,  very  large  fleets  were  fitted  eut  on 
both  sides ;  after  the  declaration  of  war,  the  first  general  fleet  fitted  out  by 
England,  consisted  of  a  hundred  and  fourteen  ships  of  war  and  firigates, 
and  twenty-eight  fire-ships  and  ketches.  That  fitted  out  by  the  Dutch, 
was  composed  of  a  hundred  and  two  men  of  war,  eleven  fire-ships,  and  seven 
yachts. 

The  first  general  engagement  was  that  of  the  8rd  of  June,  in  which  the 
English  gained  important  advantages  over  the  Dutch  fleet,  of  which,  ac- 
cording to  the  English  accounts,  fourteen  ships  were  sunk,  and  several  burnt 
and  blown  up,  besides  eighteen  which  were  captured ;  but  several  of  these 
were  abandoned  by  their  captors.  On  the  other  hand,  the  Dutch  admit 
the  loss  of  no  more  than  eighteen  ships  altogether. 

The  employment  of  the  English  fleets  was  directed,  with  about  equal 
care  and  diligence,  against  the  commercial  and  the  XLaval  fleets  of  Holland. 
On  the  first  of  June,  1666,  a  general  engagement  began  between  the 
English  and  the  Dutch  fleets ;  it  was  renewed  on  the  second,  third,  and 
fourth,  and  then  terminated  indecisively.      A  more  decisive  action  was 
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fought  by  the  fleets  of  England  and  Holland  towards  the  end  of  the  follow- 
ing Jvljy  in  which  the  English  gained  an  important  victory.  Great  loss 
was  sustained  by  the  commerce  of  Holland^  which  the  English  omitted  no 
opportunity  of  distressing  to  the  utmost  of  their  ability. 

At  this  period^  while  the  king  was  paying  attention  to  the  interests  of  the""     \ 
navy^  scientific  men  had  turned  their  attention  to  a  more  systematic  mode       I 
of  construction^  and  applied  their  mathematical  knowledge  to  this  subject.      I 
Thus  we  find,  in  Pepys's  Diary,  19th  May,  1766,  "  Mr.  Deane  did  dis-      I 
course  about  his  ship  the  Bupert,  which  succeeds  so  well,  as  he  has  got  great     / 
honour  by  it ;  and  I  some,  by  recommending  him.     The  king,  duke,  and   / 
ev^  body,  say  it  is  the  best  ship  that  was  ever  built.     And  then  he  fell  / 
to  explain  to  me  the  manner  of  casting  the  draught  of  water  which  a  ship  / 
will  draw,  bef(»re-hand,  which  is  a  secret  the  king  and  all  admire  in  him ;  { 
and  he  is  the  first  that  hath  come  to  any  certainty  before-hand  of  fore-  \ 
telling  the  draught  of  water  of  a  ship,  before  she  is  launched.^^  •*''^~ 

Pepys  fiirther  states,  in  1665,  "  Another  great  step  and  improvement 
to  our  navy,  put  in  practice  by  Sir  Anthony  Deane,  was  effected  in  the 
War9pigM  and  Defiance,  which  were  to  carry  six  months'  provisions,  and 
their  guns  four  and  a  half  feet  from  the  water.'' 

The  English  neglected,  in  the  spring  of  1667,  to  fit  out  a  fleet  suited 
to  cope  with  that  of  the  enemy;  and  the  Dutch,  taking  advantage  of  this, 
sailed  up  to  the  Nore  with  a  considerable  fleet.  Early  in  June,  De  Ruyter 
attacked  the  unfinished  fortifications  at  Sheemess,  and  then  sailed  up  the 
Medway  as  high  as  Upnor.  The  R&y<U  Oak,  a  fine  ship  lying  in  the  river, 
was  burnt ;  and  the  huU  of  the  Royal  Charles  was  taken,  besides  such  as 
were  either  taken  or  destroyed  at  Sheemess.  The  Dutch  admiral  then 
sailed  round  the  southern  coast  of  England;  but  failing  in  his  designs 
there,  he  returned,  and  sailed  up  the  Thames  as  far  as  Gravesend,  ravaging 
the  country  as  he  chose.  A  small  force,  fitted  out  in  the  river,  and  plenti- 
fully suppHed  with  fire-ships,  proceeded  to  attack  him ;  and  a  very  liberal 
use  was  made  of  the  fire-ships  on  both  «ides.  When  De  Ruyter  had  ex- 
pended all  his,  he  retired  firom  the  river,  and  returned  at  his  leisure 
towards  the  coast  of  Holland. 

-  Negotiations  for  peace,  which  had  been  begun  some  time  before  this 
affair  occurred,  were  now  hastened  on  to  a  conclusion,  and  peace  was 
restored  in  the  following  June,  though  the  proclamation  of  that  event  was 
not  made  in  London  till  August.  From  this  time  till  the  third  Dutch 
war,  the  navy  had  but  little  service  to  perform,  besides  that  in  the  war  with 
Algiers,  and  for  this  a  small  fleet  was  maintained  for  a  considerable  time 
in  the  Mediterranean. 

-  War  was  declared  against  HoUand  in  1672 ;  and  in  this  war  the  French, 
who  had  now  made  some  advance  in  maritime  affairs,  were  united  with 
the  English.  They  sent  out  a  fleet  of  thirty-six  ships  of  war,  to  join  the 
English  fleet  of  sixty-five  men-of-war.    At  the  same  time  the  navy  of 
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Holland  consisted  of  ninety  ships  of  the  line,  besides  forty  frigates  and 
fire-ships."**  The  Dutch  fleet  was  at  sea  early  in  May;  and  on  the  28th  of 
that  month,  when  the  duke  of  York,  in  command  of  the  British  fleet,  in 
conjunction  with  that  of  France,  was  lying  in  Solebay,  the  Dutch  fleet  was 
seen  approaching  him.  His  fleet  had  just  time  to  get  out  of  the  bay  before 
the  Dutch  arrived;  a  severe  engagement  was  the  result,  which  lasted 
throughout  the  day,  and  then  ended  indecisively. 

The  Dutch  endeavoured  to  obtain  a  restoration  of  peace;  and  the 
EngUsh  were  strongly  adverse  to  the  war;  but  the  king  and  Louis  the 
Fourteenth  engaged  that  neither  should  make  peace  without  the  concur- 
rence of  the  other.  In  May,  1673,  the  fleet  was  again  ready  for  sea*,  and 
was  commanded  by  prince  Rupert.  The  English  and  French  fleets  formed 
a  junction,  being  then  about  eighty-four  men-of-war,  besides  fire-ships; 
whilst  the  Dutch  had  scarcely  seventy  men-of-war  and  frigates.  On  the 
28th  of  May,  and  on  the  4th  of  June,  two  general  actions  took  place,  in  eack 
of  which  the  victory  was  an  object  of  dispute.t  The  last  general  engage- 
ment that  was  fought  during  this  war  was  on  the  11th  of  August;  but 
whilst  the  combined  fleet  of  England  and  France  was  materially  greater 
than  that  of  Holland,  the  result  was  still  indecisive,  although  the  manner 
in  which  these  three  actions  had  terminated,  prevented  the  landing  of  an 
army  in  Zealand,  a  principal  object  that  had  been  contemplated.  The 
circumstances  of  both  England  and  Holland  rendered  a  peace  now  highly 
desirable ;  Spain  became  alarmed,  and  interposed  on  behalf  of  Holland ; 
and  peace  was  proclaimed  in  London,  in  February,  1674. 

From  the  time  the  French  began  to  construct  a  navy,  they  advanced 
rapidly  in  maritime  power ;  and  the  fleet  which  Louis  sent  to  act  in  con- 
junction with  the  English,  during  the  last  war,  was  said  to  have  been 
composed  of  excellent  ships,  carrying  fix>m  sixty  to  seventy-four  guns  on 
two  decks.  The  king  and  the  duke  of  York  went  on  board  of  them  as 
they  lay  at  Spithead,  and  were  so  pleased  with  their  appearance,  especially 
with  that  of  the  Superbe,  that  Sir  Anthony  Deane  was  ordered  to  build  the 
Harwich  as  near  to  her  dimensions  as  he  could.  From  the  plan  of  this 
ship,  nine  others  were  ordered,  by  act  of  parliament,  to  be  built ;%  this  was 
considered  to  be  the  greatest  improvement  made  at  that  time.  :Too  little 
attention  had  commonly  been  paid  to  the  proportions  of  ships,  or  rather, 
the  relative  proportions  were  very  little  understood.  Mr.  Pepys  remarked 
that  ''the  builders  of  England,  before  1673,  had  not  weU  considered  that 
breadth  only  will  make  a  stiff  ship,''  several  ships  built  before  that  time 
having  been  found  useless  until  they  were  girdled. 

It  is  evident  that  Charles  the  Second  paid  great  attention  to  the  details 
of  the  navy,  which  may  be  seen  from  the  following  extract  of  a  letter  pre- 

♦  Chamook,  Vol.  II.,  p.  339.  t  Burchett,  p.  403. 
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served  in  the  State  papers^  dated  4tli  August,  1673.  "  I  am  very  glad  that 
the  Charles  does  so  well  (See  Plate  17) ;  a  girdling  this  winter,  when  she 
comes  in,  wUl  make  her  the  best  ship  in  England :  the  next  summer,  if  you 
try  the  two  sloops  that  were  built  at  Woolidge,  that  have  my  invention  in 
them,  they  wiU  outsail  any  of  the  French  sloops.  Sir  Samuel  Mooreland 
has  now  another  fancy  about  weighing  anchors ;  and  the  resident  of  Venice 
has  made  a  model  also  to  the  same  purpose.  We  have  not  yet  consulted 
them,  with  Mr.  Tippet,  nor  Mr.  Deane,  but  hope  when  they  have  well 
considered,  we  may  find  one  out  of  them  that  will  be  good.'' 

In  the  year  1675  a  statement  of  the  royal  navy  was  laid  before  par- 
liament, and  it  consisted  then  of  a  hundred  and  fifty-one  ships,  &c.,  as 
shown,  according  to  their  several  rates,  in  the  annexed  list : 


First 

Second 

Third 

Fourth 

Fifth 

Sixth 

Sloops,  fire-ships,  yachts,  hulks,  &c. 

Total. 


Nnmbtr. 


8 
9 
22 
37 
16 
8 
51 


151 


Guns. 


796 
^79 
1,282 
1,816 
500 
112 


5,185 


Burthen 
in  Toni. 


10,800 

8,379 

18,427 
19,767 

4,460 
1,106 
7,648 


'0,587 


In  the  same  year  the  sum  of  three  hundred  thousand  pounds  was  voted 
for  building  ships,  and  the  duty  of  tonnage  and  poundage  was  annexed  to 
the  navy.  During  the  first  ten  years  of  this  reign,  the  annual  expense 
of  the  navy  was  never  less  than  half  a  million  sterling  j  and  it  was  stated 
in  the  House  of  Commons,  that  a  less  sum  than  that  would  be  insufficient 
to  maintain  it. 

From  the  termination  of  the  third  Dutch  war,  the  navy  was  neglected, 
and  the  ships  were  allowed  to  go  to  decay  whilst  the  management  of  it 
was  in  the  hands  of  the  king.  At  length  it  had  become  so  bad,  that  in 
1679  the  king  was  obliged  to  grant  a  commission  for  executing  the  office 
of  Lord  High  Admiral.  Two  years  previously  to  this,  it  had  been  pro- 
posed to  establish  certain  dimensions  for  the  building  of  ships,  of  the  larger 
classes,  according  to  the  following  list : — 
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100  Goni. 

90  Guns. 

70»Guns. 

Feet.     in. 

Feet.     in. 

Feet.     in. 

Length  on  gun  deck  . 

165      0 

158    0 

150     0 

„      of  the  keel  for  tonnage    . 

137    8 

— 

— 

Breadth,  extreme 

46     0 

44     0 

39     8 

Depth  in  the  hold      .        > 

19     2 

18     2 

17    0 

Burthen  in  tons          .         » 

1550 

1307 

1013 

In  this  year  the  Commons  voted  the  sum  of  six  hundred  thousand 
pounds  for  the  building  of  ships.  The  building  of  ships  was  then  carried 
on  with  considerable  vigour ;  thirty  capital  ships  were  laid  down,  namely, 
one  iirst-rate,  nine  second-rates,  and  twenty  third-rates ;  and  eleven  of  them 
were  launched  before  the  spring  of  1679,  and  the  others  were  in  a  forward 
state.* 

The  navy  continued  to  waste  even  after  the  commission  had  been 
appointed ;  and  thirty  new  ships,  after  having  been  launched,  were  allowed 
to  go,  in  a  great  measure,  to  decay.  Sir  Anthony  Deane  retired  from 
the  commission  in  1681,  which  was  not  continued  after  1684. 

Although  Sir  Anthony  Deane  had  retired  from  the  commission,  and  the 
same  attention  was  not  paid  to  the  preservation  of  the  navy,  we  find 
that  the  example  he  had  set,  of  pursuing  a  systematic  course  of  construc- 
tion, was  still  maintained  ;  as  Sir  Richard  Haddock,  comptroller  of  the 
navy,  directed  that  estimates  should  be  made  as  to  '^  the  number  of  cubic 
feet  that  are  contained  in  the  bodies  of  several  draughts  to  their  main 
water-line,  when  all  materials  are  on  board  fit  for  sailing.^^  The  result  of 
the  inquiry  was  voluminous,  as  the  details  of  all  the  weights  are  given, 
which  made  up  the  whole  displacement,  with  many  particulars  relative  to 
the  general  equipment  of  4th,  5th  and  6th  rates.f  The  weights  of  the 
huUs  given  are : — 4th  rate,  418  tons;  5th  rate,  160  tons;  and  6th  rate,  120 
tons:  and  total  displacement  with  all  on  board,-^th  rate,  851 .8  tons; 
5th  rate,  877  tons ;  and  6th  rate,  254  tons ; — ^and  their  dimensions  were  as 

follow :{  — 

Fourth  rate. 

124  ft.     6  in. 
85   „     0    „ 
14   „     6 


Length  on  the  deck 
Breadth,  extreme. . 
Drt.  of  water  afore 
Drt.  of  water  abaft 


15   „  10 


}} 


fy 


if 


Fifth  rate. 

Sixth  rate. 

108  ft.  9  in. 

67  ft.  8  in. 

28  „   8   „ 

23  „    6  „ 

12   „  0   „ 

9  »    8  „ 

13   „  0   „ 

10  „    8  „ 

*  Pepys'fl  Memoirs  of  the  Royal  Navy,  p.  8.  t  Chamock,  Vol.  II.,  p.  483. 

t  lu  the  treatise  on  ^^  Naval  Architecture,**  by  A.  B.  Creuze,  Esq.,  page  18,  is  given  a 
table  of  dimensions,  &c.,  that  had  been  successively  in  the  possession  of  Sir  Jacob  Ac- 
worth,  Sir  Jacob  Wheate,  and  Mr.  Edward  Hunt ;  and  is  now  in  the  possession  of  Mr. 
Creuze. 
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In  the  month  of  June  of  that  year^  the  royal  navy  amounted  to  a  hun- 
.  dred  and  twenty-six  ships^  besides  sloops^  fiie-ships^  yachts^  small  yessels;^ 
and  hulks.*  Twenty-four  of  these  were  at  sea;  the  others  were  lying  in 
ordinary.  About  this  time^  the  duke  of  York  was  re-appointed  to  the  office 
of  lord  high  admiral.  The  only  employment  of  the  navy  during  the  latter 
years  of  king  Charles's  reign^  was  in  the  Mediterranean^  where  the  pirates 
of  Barbary  were  in  the  habit  of  plundering  the  European  traders.  The 
king  died  on  the  6th  of  February^  1685. 

V^James  the  Second  succeeded  his  brother;  and  he  wisely  directed  his 
attention  to  the  improvement  of  the  navy.  A  new  commission  was  granted^f 
and  eight  out  of  the  twelve  commissioners  that  were  appointed^  had  acted 
under  the  former  commission.  Under  a  systematic  arrangement  for  the 
dischai^e  of  their  respective  duties^  the  repairs  of  the  navy  went  on  suc- 
cessfully^ and  were  almost  completed  within  the  two  years  and  a  half  that 
the  commission  lasted,  which  was  until  October  1688.  The  abdication  took 
place  in  the  following  December.  The  navy  was  not  conspicuous  in  the 
events  connected  with  the  revolution.  To  a  great  extent  both  officers  and 
mariners  appear  to  have  been  disaffected;  so  that  the  £Euth  the  king  re- 
posed in  them  was  misplaced. 

At  this  time  the  navy  consisted  of  a  hundred  and  seventy-three  ships  and 
vessels^  as  stated  in  the  following  table. 


R«Us> 

1 

Num- 
ber. 

9 

Tont. 

Men. 

Guns. 

Highest  Talne 
of  rigging  and 
tea  gtorea  for 
one  ship  of  each 
elmas. 

First      .        .        .        • 

13,041 

6,705 

878 

;£  5,181 

Second  .        •        •        . 

11 

14,905 

7,010 

974 

4,296 

Third     .... 

39 

37,993 

6,545 

2,640 

2,976 

Fourth  .... 

41 

22,301 

9,480 

1,908 

2,195 

Fifth     .... 

2 

562 

260 

60 

1,031 

Sixth     .... 

6 

932 

420 

90 

634 

Fire-ships 

26 

4,983 

905 

218 

1,031 

Bombs,  ketches,  smacks, -i 
yachts,  hoys,  and  hulks.  / 

Total. 

39 
173 

7,175 

678 

162 

101,892 

42,003 

6,930 

*  Ghamock,  VoL  II.,  pp.  422-5. 

t  These  were  the  following  persons,  viz. :  Lord  Falkland,  Sir,  J.  Tippets,  Sir  R.  Had- 
dock, Sir  P.  Pett,  Sir  J.  Narbrough,  Mr.  Southern,  Sir  R.  Beach,  Sir  J.  Qodwin,  Sir 
Anthony  Deano,  Sir  J.  Berrj,  Mr.  Hewer,  Mr.  St.  Michael — Pepjs's  Memoirs,  p.  65. 
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The  subjoined  abstract  gives  the  dimensions,  burthen  and  force,  of  the 
largest  ship  of  each  class  included  in  the  above  list. 


Rate. 

Name. 

Length. 

Breadth. 

Depth. 

Dnvght 
of  Water. 

Tone. 

Men. 

Guns. 

Feet.    Id. 

Feet.    In. 

Feet. 

In. 

Feet  In. 

First     . 

Britannia 

146     0 

47    4 

19 

74 

20  0 

1739 

780 

100 

Second. 

Duke  .     . 

— 

— 

18 

9 

20  6 

1546 

660 

90 

Third  . 

Burford   . 

140     0 

40  lOj 

17 

3 

18  0 

1174 

460 

70 

Fourth. 

St.  David. 

107     0 

34     9 

14 

8 

16  8 

685 

280 

54 

Fifth    . 

Sapphire . 

86     0 

27    0 

11 

0 

13  2 

333 

135 

32 

Sixth    . 

Lark  .    . 

74    0 

22     6 

9 

2 

9  0 

199 

85 

18 

During  this  reign,  the  use  of  bomb  vessels  was  introduced  into  the  navy; 
ship-carpenters  and  boatswains  were  supplied  with  a  regular  establishment 
of  stores ;  and  various  other  improvements  in  the  equipment  of  ships  were 
carried  into  eflFect. 

rAn  inquiry  was  made  into  the  cause  of  the  rapid  decay  which  was  ob- 
served to  have  taken  place  in  some  ships,  with  a  view  to  endeavour  to  pro- 
cure a  remedy  for  such  decay  in  future.  The  barking  of  trees,  previously 
to  felling  them,  was  proposed  as  an  experiment ;  but  the  revolution,  it  is 
supposed,  interrupted  the  course  of  the  experiment ;  and  no  other  effort 
appears  to  have  been  made  to  try  the  effect  of  it. 

The  transactions  of  the  revolution  which  placed  William,  the  Prince  of 
Orange,  and  Mary  upon  the  throne  of  England,  soon  led  to  a  war  with 
France,  whither  king  James  had  fled  for  refuge.     This  war  was  begun  by 
the  supply  of  French  ships  and  troops  to  king  James,  with  which  he  in- 
vaded Ireland,  in  the  Spring  of  1689.    With  the  exception  of  an  almost 
immaterial  encounter  between  a  small  English  fleet  and  this  French  fleet, 
nothing  memorable  occurred  at  sea,  until  the  battle  off  Beachy-head,  on  the 
30th  of  June,  1690.     On  the  21st  of  this  month,  the  earl  of  Torrington 
had  been  surprised  by  the  appearance  of  a  fleet  which  consisted  of  "  eighty- 
four  ships  of  war,  seventy-one  of  which  were  of  the  line,"  and  twenty-two 
fire-ships :    at  this  time,  the  fleet  under  his  command  was  far  inferior  to 
that  of  thq  enemy.     Reinforcements  of  English  and   Dutch  ships  soon 
however  raised  it  to  fifty-six  ships  of  war* ;  a  peremptory  order  was  sent 
from  the  queen  to  engage  the  enemy  at  all  events,  and  the  consequence  was 
a  defeat  of  the  combined  fleet  by  the  French. 

This  year,  when  king  William  applied  to  the  parliament  for  an  annual 
sum  to  be  appropriated  to  the  building  of  new  ships,  the  Commons  promptly 
complied  with  his  request,  and  provided  accordingly  for  that  expenditure. 

♦  Charnock,  Vol.  II.,  p.  445,  Campl)ell,  Vol.  III.,  pp.  59,  61. 
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Thirty  ships  were  then  ordered  to  be  built, — seventeen  of  80  gons,  of  1000 
tons  each ;  three  of  70  guns,  of  !M50  tons  each ;  and  ten  of  60  guns,  of  90Q 
tons  each :  and,  in  the  next  year,  a  new  ordinance  was  established  for  the 
dimensions  of  80  and  60  gun  ships,  viz. : 

80  Guns.  60  Guns. 

Length  on  gun  deck . .  156  feet   0   in.         144   feet  0   in. 

Breadth,  extreme 41     „     0    „  37      „     6    „ 

Depth  in  hold. 17    „     4    „  15      „     8    „ 

Burthen  in  tons .     1,100 900 

The  above  80  gun  ships  were  constructed  to  these  dimensions  with  three 
decks  j  and  this  mode  of  construction  was  continued,  till  the  middle  of  the 
eighteenth  century. 

little  was  done  by. the  British  navy  during  the  year  1691:  in  the 
following  year  the  important  action  off  Cape  La  Hogue  was  fought,  on  the 
18th  of  May,  and  several  following  days,  when  the  combined  fleets  of 
England  and  Holland  gained  a  great  victory  over  the  French;  the  loss 
of  the  enemy  amounted  to  twenty-one  ships.  The  advantage  in  point  of 
power  was  decidedly  in  favour  of  the  combined  fleet  at  this  time,  admiral 
Bussell  having  had  under  his  command  ninety-nine  ships  of  the  line, 
besides  frigates  and  fire-ships ;  whilst  the  French  fleet  contained  no  more 
than  sixty-three  ships  of  the  line ;  about  thirteen  of  which  were,  at  the  time 
of  the  engagement,  detached  on  other  service. 

The  Commons  showed  their  Uberality  this  year,  by  voting  nearly  two 
millions  sterling  for  the  maintenance  of  the  navy  during  the  ensuing  year, 
the  building  of  eight  fourth  rates,  and  four  bomb  vessels ;  and  the  finishing 
of  Plymouth  dockyard. 

But  little  service  was  performed  by  the  navy  in  1693,  except  the  bom- 
barding of  St.  Maloes,  a  place  firom  which  numerous  privateers  issued,  by 
which  the  English  trade  had  suffered  severely.  At  the  same  time  the 
French  were  exerting  their  utmost  energies  to  repair  their  naval  losses,  and 
resent  on  the  Engli&h  the  injury  their  fleet  had  sustained  at  La  Hogue. 
They  intCTcepted  a  fleet  of  merchantmen  under  inadequate  protection,  and 
captured  several  ships  of  war,  and  a  great  number  of  merchant  ships.  Se 
strong,  however,  was  the  national  concern  to  provide  every  facility  for  the 
fitting  out  of  fleets,  and  for  increasing  the  number  of  ships,  that  the  Com^ 
mons  granted  the  sum  of  two  millions  sterling  for  the  service  of  the  navy. 
During  the  following  year,  the  principal  employment  of  the  fleet  was  in 
the  Mediterranean ;  and  the  services  at  sea  were  more  successful  than  they 
had  been  in  1693,  although  no  general  engagement  occurred.  Towards 
the  close  of  the  year,  when  Parliament  assembled,  the  sum  of  £2,382,712 
was  voted  for  the  service  of  the  navy :  and  in  the  beginning  of  1695,  the 
importance  of  increasing  the  fleet  was  pointed  out  by  the  Ix>rds^  in  an 
address  to  the  King;  as  they  considered  it  essential  to  the  honour  and 
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security  of  the  nation^  that  its  fleets  should  always  be  superior  to  those  of 
the  enemy.  ' 

The  principal  events  at  sea  during  the  summer  of  1695,  were  the  bom- 
barding of  several  towns  on  the  French  coast,  from  some  of  which  priva- 
teers were  fitted  out;  but  the  English  commerce  nevertheless  suffered 
severely  by  the  part  which  the  privateers  still  took  in  the  war. 

Early  in  1696,  the  navy  was  called  to  take  a  very  prompt  and  decisive 
course  in  order  to  prevent  an  invasion  which  the  French  had  made  great 
preparations  to  attempt  for  the  restoration  of  king  James ;  which  project 
was  effectually  defeated.  But,  for  the  most  part,  the  affairs  of  the  navy 
appear  to  have  been  ill-conducted ;  and  a  parliamentary  inquiry  was  made 
into  the  matter,  as  the  squadrons  had  failed  to  protect  the  channel  from  the 
depredations  of  the  French.  The  conduct  of  the  fleet  in  the  West  Indies 
was  also  most  unsatisfactory  to  the  nation.  Little  else  of  importance  was 
performed  by  the  navy  during  the  war,  which  terminated  by  the  treaty  of 
Byswick,  in  1697 :  the  British  navy  lost,  during  the  war,  fifty  ships  and 
vessels;  and  that  of  France  lost  fifty-nine.^ 

After  the  waste  consequent  upon  so  long  a  war,  it  was  considered  neces- 
sary to  increase  the  navy  in  such  a  manner  as  should  place  it  in  a  fit  con- 
dition to  engage  again  in  a  war  with  France.  Few  ships  of  the  first 
rate  had  hitherto  been  built.  "  The  second  rate  comprised  two  descriptions 
or  classes;  the  largest  of  three  decks,  and  mounting  ninety  guns;  the 
second  of  two  decks,  and  carrying  only  eighty ;  these  ships  were  adapted 
only  for  particular  services,  and  they  were  consequently  few  in  number. 
The  bulk  of  all  fleets  was  principally  composed  of  third  rates;  ships  of  two 
decks,  mounting  seventy  guns  in  time  of  war,  or  when  on  the  home 
station ;  and  but  sixty-two  when  sent  into  distant  parts. 

''  Ships  of  the  fourth  rate  were  also  considered  of  the  line,  but  were 
of  inferior  consequence,  mounting  only  fifty  or  forty-eight  guns  when  in 
the  British  seas,  and  forty-six  or  forty-four  when  in  other  parts  of  the 
world ;  but  considerable  attention  appears  to  have  been  paid  to  this  par- 
ticular class  of  vessels,  almost  in  preference  to  any  other.^^t  Little  further 
service  was  required  of  the  navy  during  the  remainder  of  the  reign  of 
king  WiUiam,  except  that  a  fleet  was  sent  out  on  behalf  of  Sweden. 

In  1701  there  were  very  evident  indications  of  approaching  war,  as  the 
greater  part  of  Europe  felt  interested  in  the  event  of  the  Spanish  suc- 
cession. Considerable  naval  preparations  for  war  were  made  in  the  summer 
of  that  year,  and  a  fleet  of  EngHsh  and  Dutch  ships  was  sent  to  the  West 
Indies.  The  death  of  the  king  occurred  in  March,  1702,  previously  to 
any  declaration  of  war  having  been  made.  Since  the  revolution,  the  navy 
had  increased  to  a  very  great  amount ;  and  shortly  before  the  king's  death 
it  consisted  of  seven  ships  of  the  first  rate,  fourteen  of  the  second,  forty- 

*  Burchett,  pp.  573-4.  t  Charnock,  Vol.  II.    pp.  482-3. 
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five  of  the  thirds  sixty-three  of  the  fourth^  thirty-six  of  the  fifth,  and 
twenty-nine  of  the  sixth  rates,  eight  fire-ships,  thirteen  bomb-vessels,  and 
ten  yachts ;  which  together  amounted  to  158,992  tons,  being  an  increase 
of  57,960  tons  within  the  last  thirteen  years.'*' 

It  was  about  this  time  that  Peter  the  Great  made  his  extraordinary 
efforts  towards  raising  a  naval  power  iu  Russia.  This  monarch  having 
travelled  into  Holland  for  information  in  ship-building,  afterwards  visited 
England  with  a  view  to  improve  his  knowledge  of  the  art,  by  studying  the 
maimer  of  building  practised  in  this  country.  In  order  to  attain  his 
object  he  attended  at  Deptford  dock-yard,  where  "  he  wrought  much  with 
his  own  hands,  and  made  all  about  him  work  at  the  models  of  ships.'^f 
He  received  his  principal  instruction  in  naval  architecture  firom  Sir 
Anthony  Deane,  to  whom  he  devoted  much  of  his  time  and  attention. 

He  appears  to  have  given  a  decided  preference  to  the  English  over  the 
Dutch  method  of  building;  as  he  engaged  Mr.  John  Deane,  the  brother 
of  Sir  Anthony,  to  accompany  him  to  Russia,  where  his  most  zealous 
efforts  were  directed  to  the  raising  of  a  navy,  and  not  without  success. 
A  single  instance  may  be  mentioned  to  show  that  the  Czar  had  both 
native  ingenuity,  and  a  good  insight  into  the  modes  of  mechanical  com- 
binations. This  was  the  invention  of  a  keel  for  his  ships,  which  was  so 
combined  with  the  floors,  that  it  might  be  completely  destroyed  without 
endangering  the  ship  by  the  loss  of  it.J 

At  the  commencement  of  the  eighteenth  century,  England  possessed 
about  one-third  of  the  whole  naval  power  of  Europe ;  France  and  Holland 
together  possessed  about  the  same  amount,  whilst  the  collective  force  of  all 
the  other  states  of  Europe  made  up  the  other  third. 

The  accession  of  queen  Anne  to  the  British  throne  was  followed,  on 
the  4th  of  May,  by  a  declaration  of  war  against  France  and  Spain,  called 
the  war  of  the  Succession,  The  greatest  emulation  prevailed  in  France 
to  advance  the  naval  power  of  that  country;  England  now  made  a  corres- 
ponding effort,  because,  firom  the  condition  of  the  French  navy,  it  was 
apparent  that  the  approaching  war  would  be  to  a  great  extent  a  maritime 
contest.  Louis  the  Fourteenth,  considering  that  naval  eminence  was 
necessary  to  the  glory  of  his  reign,  had  been  careful  to  repair  the  losses 
which  his  fleets  had  sustained  in  the  late  war,  especially  in  the  battle  of 
Cape  La  Hogue.  The  events  which  occurred  during  the  war,  however, 
showed  the  insufficiency  of  France  at  that  time  to  cope  with  England 
on  the  sea.  It  is  true  that  Louis  aimed  not  only  at  repairing  Ins  losses 
numerically,  but  at  producing  such  superior  ships  as  should  possess  advan- 
tages over  those  of  England.  Already  the  ships  of  France  had  been  dis-  i 
tinguished  as  superior  sailers ;  and  the  improvements  introduced  about  this 


*  Campbell,  Vol  III.,  pp.  338-9.  t  Biahop  Burnett. 
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time  consisted  in  giving  increased  dimensions^  without  adding  to  the 
force;  yet,  according  to] the  prevailing  opinions  of  those  times,  the  alter- 
ations were  pronounced  to  have  been  carried  to  an  extravagant  length. 
The  French  ships  of  three  decks,  which  in  1688,  were  fifteen  hundred  tons 
burthen,  were  increased,  in  1702,  to  two  thousand  tons.  Spain,  in  the 
aenith  of  her  marime  dignity,  had  set  the  example  in  that  kind  of  ex- 
cellence; and  England  at  length  approached  cautiously  in  the  same  line 
of  improvement,  applying  it  to  some  classes  only  of  her  ships ;  but  even  in 
these  she  fell  short  of  her  exemplar,  and  fiailed  of  obtaining  the  advantage 
of  swift  sailing,  which  throughout  the  war  was  seen  to  be  a  general  defect 
in  the  English  ships. 

Extensive  naval  preparations  had  been  made  for  carrying  on  the  war ; 
and  several  fleets  were  soon  sent  out  to  different  parts.  Sir  (}eorge  Rooke 
was  appointed  to  the  command  of  a  fleet,  consisting  of  thirty  English  and 
twenty  Dutch  ships  of  the  line,  and  a  number  of  smaller  ships  and  vessels ; 
amounting  in  the  whole  to  a  hundred  and  sixty  sail.  He  left  England 
towards  the  end  of  June,  and  arrived  off  Cadiz  before  the  middle  of  August ; 
but  the  design  against  that  place  was  abandoned,  after  considerable  efforts 
had  been  made  by  the  troops ;  and  the  fleet  was  proceeding  on  its  return 
to  England,  when  intelligence  having  been  received,  that  ''thirty  French 
ships  of  war  and  twenty-two  Spanish  galleons''  had  arrived  at  Vigo,*  the 
British  fleet  sailed  for  that  port,  and  arrived  there  on  the  11th  of  October. 
A  severe  action  was  fought  on  the  next  day,  in  which  the  English  and 
Dutch  were  eminently  victorious.  Five  ships  of  the  line  and  two  frigates 
were  burnt,  and  ten  ships  of  the  line  were  taken ;  but  four  of  these  bilged. 
Eleven  galleons  were  also  taken  (two  of  these  were  however  on  shore),  and 
six  were  bumt.t  By  the  capture  of  these  galleons,  a  very  large  amount  of 
riches  fell  into  the  hands  of  the  English  and  Dutch :  the  prizes  were  soon 
afterwards  sent  to  England  under  the  charge  of  Sir  Cloudesley  Shovell. 

The  English  and  the  French  were  actively  engaged  in  the  West  Indies; 
and  in  August  of  this  year,  admiral  Benbow  attacked  the  French  admiral 
Du  Casse,  off  Carthagena.  In  this  engagement  several  of  the  English 
captains  neglected  to  perform  their  duty,  leaving  their  admiral  in  a  very 
unequal  contest  against  the  enemy.  Two  of  the  captains  were,  on  their 
return  to  England,  shot  for  cowardice. 

Cruisers  were  kept  employed  in  the  European  seas,  where  they  occa- 
sionally made  prizes  of  French  ships,  both  naval  and  commercial.  The 
Hazardous,  a  fifty-gun  ship,  which  was  captured  by  a  British  squadron,  was 
of  superior  dimensions  to  those  of  sixty  guns  in  the  English  service. 

Early  in  the  year  1704,  Sir  George  Booke  sailed  with  a  fleet  to  Lisbon ; 
and  after  having  performed  the  service  he  was  immediately  sent  upon,  and 
endeavouring  to  prevent  the  junction  of  the  Toulon  and  Brest  fleets,  he 

*  Burohett;  p.  625.  t  Ibid,  pp.  227-8. 
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Bailed  for  Gibraltar^  and  arrived  there  on  the  31st  of  July.  The  attack 
on  that  place  commenced  at  the  break  of  day  on  the  following  morning, 
by  a  heavy  cannonade ;  and  troops  were  landed  to  prevent  the  garrison 
from  being  re-inforced  by  land.  The  cannonade  was  continued  with  great 
severity,  and  when  a  landing  was  effected,  the  Spaniards  retreated  from 
their  fortifications;  and  on  the  24th  of  July  the  governor  capitulated. 
Thus  did  the  strong  fortress  **  that  fifty  men  might  have  defended  against 
as  many  thousands/^  it  has  been  said,  fall  by  the  gallantry  and  intrepidity 
of  British  seamen.  This  place  was  immediately  garrisoned  by  such  troops 
as  could  be  spared  for  that  service ;  and  the  fleet  sailed  from  Gibraltar  on 
the  9th  of  August;  and  that  fortress,  having  subsequently  withstood 
aeveral  attacks  of  France  and  Spain,  even  to  the  defiance  of  the  greatest 
armament  that  waa  ever  brought  against  a  fortress,  remains  a  splendid 
memorial  of  the  prowess  of  the  British  character. 

A  general  engagement  took  place  between  the  English  and  French  fleets 
a  few  days  afterwards.  The  French  fleet  consisted  of  fifty-two  ships, 
seventeen  of  which  were  three-deckers,  and  twenty-four  galleys:  the 
English  and  Dutch  combined  fleet  consisted  of  fifty-three  ships.  On  the 
18th  of  August  the  two  fleets  came  within  three  leagues  of  each  other,  and 
the  French  having  formed  the  line,  began  to  manoeuvre  for  advantage.  It 
iras  then  deemed  important  to  begin  the  action  as  soon  as  possible ;  and 
at  ten  o^clock  the  English  bore  down  and  began  the  engagement.  It  was 
maintained  for  a  considerable  time  with  vigour  on  both  sides,  and  then 
terminated ;  the  loss  on  the  side  of  the  French  being  one  ship  of  three 
decks,  four  of  two  decks,  and  a  few  galleys.  After  the  two  fleets  had 
repaired  their  damages,  the  English  endeavoured  for  several  days  to  renew 
the  action,  but  without  effect,  as  the  French  retired  to  Toulon ;  and  during 
the  continuance  of  the  war  they  never  again  ventured  on  a  general  engage- 
ment. The  combined  fleet  sailed,  shortly  after  this,  for  Gibraltar,  and  Sir 
Geoi^  Booke  then  returned  to  England.  Strong  efforts  were  now  made 
to  compel  the  English  garrison  to  surrender  Gibraltar  >  tiie  siege  waa 
undertaken,  and  carried  on  by  France  and  Spain. 

The  British  navy  had  so  much  increaaed  in  magnitude  after  the  revolu« 
tion,  that  it  became  important  that  economy  should  be  regarded  in  build- 
ing and  repairing  the  ships  which  composed  it ;  and  in  the  year  1694,  a 
general  order  was  issued,  prohibiting  any  unnecessary  expense  in  the  dock- 
yards. In  1703,  a  more  particular  order  was  given  for  diminishing  the  ex- 
pense in  building  and  re-building  ships  of  war.  This  order  was  the  result 
of  deliberations  in  the  council  of  prince  George  of  Denmark,  at  that 
time  lord  high  admiral  of  England;  and  it  related  to  the  ornamental 
work  with  which  it  was  customary  to  decorate  both  the  inside  and  outside 
of  ships  of  war.  The  display  of  ornamental  work  had  grown  with  im- 
provement in  ship-building;  and  the  Sovereign  of  the  Seas  (Plate  15,) 
had  been  conspicuous  for  the  elaborate  ornament  with  which  she  was  fin- 
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islied.  But  now,  as  the  necessaiy  expenses  of  a  large  naval  establishment 
increased^  it  was  ordered  that  the  carved  work  should  be  diminished ;  and 
that  the  ornaments  at  the  head  should  consist  of  only  a  lion  and  a  trail- 
board,  with  mouldings  instead  of  carved  brackets  placed  against  the 
timbers ;  and  that  the  excessive  ornamental  work  of  the  stem  should  be 
discontinued;  and  only  a  taffirail  and  four-quarter  pieces  used  instead 
of  the  brackets  between  the  lights  of  the  stem  galleries.  The  heavy 
ornamental  lining  against  the  inside  was  ordered  to  be  discontinued  in 
ships  to  be  subsequently  built  or  rebuilt ;  and  its  place  supplied  by  a  plain 
lining  of  slit  deal,  without  any  moulding  or  other  ornament.  And  the 
standing  cabins  were  to  be  no  longer  formed  of  framed  and  panelled  bulk- 
heads; but  were  to  be  formed  of  fiumes  covered  with  painted  canvas. 
These  and  other  alterations  were  now  ordered  to  be  made,  with  the  direct 
view  of  diminishing  the  expense  in  building  and  rebuilding  ships  of  the 
first,  second,  and  third  rates. 

During  the  years  1705  and  1706,  the  war  was  carried  on  with  consider- 
able vigour;  and  the  fleets  in  the  Mediterranean  rendered  material  service 
in  counteracting  the  designs  of  France,  whose  armies  were  in  Spain,  and 
whose  squadrons  watdied  the  opportunities  to  assist  the  military  in  the 
absence  of  the  English  fleet.  The  fleet  in  the  West  Indies  did  very  little 
towards  advancing  the  objects  of  the  war;  whilst  the  British  commerce  was 
much  injured  by  the  enemies'  cruisers. 

In  the  year  1706,  an  order  was  given,  establishing  the  dimensions  of 
ships  according  to  the  following  list. 


MOniw. 

80  Oust. 

70  Gone. 

60  Guns. 

50  Gum. 

40  Gone. 

Feet    in. 

V9tt   In. 

Feet    in. 

Feet    in 

Feet    in. 

Feet   in. 

Length  on  gun  deok   .    . 

162     0 

166    0 

160     0 

144    0 

130    0 

118     0 

Tiength  of  the  keel  fori 
tonnage J 

13S     0 

127    6 

122     0 

119     0 

108    0 

97    6 

Extreme  breadth    .    .    . 

47    0 

43    6 

41     0 

38    0 

36    0 

32    0 

Depth  in  the  hold  .    .    . 

18    6 

17    8 

17     4 

16     8 

14    0 

13    6 

Burthen  in  tons.    .    .    . 

1651 

1283 

1069 

914 

704 

631 

This  was  some  improvement  in  the  inferior  classes  of  ships;  but  the 
English  were  still  behind  the  French  in  the  dimensions  of  their  ships  in 
relation  to  their  armament,  and  in  that  form  of  the  bottom  which  ren* 
ders  a  ship  a  good  sailer.  The  French  ship  Moure  of  60  guns,  which  was 
captured  during  this  war,  was  found  to  be  of  much  larger  dimensions  than 
English  ships  of  the  same  force :  she  had  been  constructed  with  si>ecial 
regard  to  her  adaptation  for  service  at  sea.  The  English  ships  which 
happened  to  be  captured  by  the  French,  and  were  afterwards  retaken. 
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were  found  to  liave  been  reduced  to  a  considerably  inferior  armament,  an 
instance  of  which  is  given  in  the  Pembroke  of  64  guns^  which  was  captured 
by  the  French^  and  reduced  in  their  service  to  50  guns.* 
'i^  The  superiority  of  French  ships  in  point  of  sailing  was  generally  per- 
I  ceived.  Perhaps  no  instance  occurred  during  the  war  which  pointed  out 
I  more  clearly  and  fully  the  advantage  the  French  gained  by  this  superiority 
of  their  ships^  than  that  in  which  their  admiral,  Count  de  Forbin,  with  a 
veiy  small  squadron,  was  chased  by  Sir  George  Byng  firom  the  Firth  of 
Edinbui^h,  in  March,  1708.  The  object  of  the  French  was  to  effect 
an  invasion  of  Scotland  on  behalf  of  the  Pretender;  and  the  information 
which  was  received  of  the  designs  contemplated  by  France,  led  to  the 
fitting  out  of  a  fleet  to  defeat  this  attempt.  When  Sir  George  Byng  had 
ascertained  the  fact  of  the  French  squadron  having  sailed,  he  followed 
it,  and  gained  sight  of  the  French  as  they  were  lying  in  the  Firth  of 
Edinburgh.  The  Count  de  Forbin  immediately  got  under  way,  and  by 
the  superior  quality  of  his  ships  he  succeeded  in  escaping  from  a  fleet  of 
forty  ships  of  the  line,  besides  frigates  and  fire-ships.  And,  generally, 
when  any  EngUsh-built  ships  were  in  the  French  service,  and  were  chajsed 
by  the  English,  it  was  remarked  that  they  were  sooner  come  up  with 
than  those  of  the  French  build, — ^as  the  Salisbury  and  Blackwall  of  50 
guns,  and  the  DeeU  Castle  and  Squirrel  of  24  guns;  and  likewise  the 
j  Warwick,  Ardent,  and  Alexander,  The  French  ships  were  also  generally 
found  to  hold  a  better  wind  than  the  English,  and  to  excel  them  in 
beating  off  a  lee  shore. 

With  numerous  examples  before  them,  the  English  naval  architects 
failed  of  making  the  advance  which,  under  these  circumstances,  was  highly 
desirable.  Probably  this  was  owing  bjs  much  to  the  injudicious  inter- 
ference and  restrictions  of  those  who  had  no  skill  in  the  science, 
as  to  the  want  of  a  due  combination  of  science  with  the  practice  of 
bmlding. 

In  August,  1710,  the  surveyors  of  the  navy  proposed,  that  with  the 
view  to  diminish  in  the  lower  parts  of  ships  the  injurious  effects  of  bilge- 
water,  the  dead  wood  should  be  made  to  run  through  the  whole  length 
of  the  ship,  by  working  a  piece  of  thickstuff  on  the  upper  part  of  the 
keel  between  the  fore  and  after  rising  wood,  of  such  a  breadth  that  the 
garboard  strake  might  bed  against  it;  and  particularly,  to  prevent  the 
bilge-water  from  accumulating  between  the  heels  of  the  timbers  at  the 
middle  hne,  as  the  first  fiittocks  were  left  short  (a  practice  continued  until 
recently  in  mercantile  ships,  and  to  the  present  day  in  some  merchant 
and  foreign  ships),  cross  chocks  {a,)  were  introduced,  scarphed  on  the 
heels  of  the  first  frittocks,  (b,)  as  shown  in  Plate  18,  Fig,  1.  The  limbers 
(c,)    at  the  lower  part   of  the   timbers  were  enlarged  to  give  a  better 

♦  Charnock,  Vol.  III.,  p.  18. 
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passage  for  the  bilge-water  to  the  pumps;  and  the  space  between  the 

limber^  strake  and  the  keelson  {Fig.  2  J  was  covered  over  with  boards^  so  as 

to  form  a  trunk  {c,)  or  passage  for  the  water  to  pass^  without  obstruction  to 

the  pumps.     This  strake^  {d,)  these  boards,  {€,)  and  this  passage,  {/,)  are 

now  called  the  limber  strake,  limber  boards,  and  limber  course.     Small 

openings  were,  however,  preserved   between  the  timbers,  that   by  the 

\  rolling  of  the  ship  the  water  might  enter  them  and  agitate  the  air  in  these 

\  openings ;  an  effect  which,  as  a  degree  of  ventilation,  was  at  that  time 

1  deemed  conducive  to  the  preservation  of  ships  from  decay. 

During  the  continuance  of  the  war.  Great  Britain  employed  her  fleets 
with  considerable,  although  a  fluctuating  advantage.  In  the  Channel,  in 
the  Mediterranean,  and  in  the  West  Indies,  her  fleets  and  squadrons 
were  almost  constantly  in  active  service.  The  light  squadrons  of  French 
ships  at  various  times  made  prices  of  English  cruisers,  as  well  as  of  com«- 
merdal  shipping,  of  which  the  loss  was  sometimes  very  severe.  The  navy 
sustained  some  very  heavy  losses  during  this  reign,  by  accidents  and  by 
gales ;  and  the  progress  of  building,  together  with  the  addition  of  prizes 
captured  during  the  war,  was  not  equal  to  the  waste  the  navy  sustained. 
For  although  the  loss  of  thirty^eight  ships,  moimting  1,596  guns,  was  not 
great  for  the  long  period  of  ten  years  of  hard  maritime  warfare,  yet  these 
losses,  added  to  the  necessary  wearing  out  of  ships,  reduced  the  number 
of  ships  in  the  navy  to  two  hundred  and  forty-seven,  being  a  diminution 
of  twenty-five,  ^e  number  of  ships  that  had  ceased  to  be  serviceable  in 
the  navy,  during  this  reign,  must  therefore  have  been  great,  as  the  loss  the 
French  navy  sustained  during  this  war  amounted  to  fifty-two  ships, 
mounting  3,094  guns,  no  inconsiderable  portion  of  which  fell  into  the 
hands  of  the  English.  But  although  the  British  navy  had  diminished  by 
twenty-five  ships,  yet  the  tonnage  of  it  had  increased  by  8,199  tons  during 
the  reign,  making  a  total  of  167,219  tons,  as  the  navy  stood  at  the  time 
of  the  queen^s  death ;  this  increase  was  owing  in  part  to  the  greater 
breadth  that  was  given  to  ships  built  according  to  the  establishment  of 
1706,  and  in  part  to  the  larger  dimensions  of  the  ships  taken  from 
the  French. 

Few  events  with  regard  to  the  condition  of  the  navy  occurred  after 
the  long  war,  which  was  followed  by  the  treaty  of  Utrecht,  in  April,  1713, 
during  the  remainder  of  queen  Anne's  reign,  which  closed  on  the  Ist  of 
August,  1714. 

When  George  the  First  ascended  the  throne  of  Great  Britain,  the 
navy  was  not  only  in  a  diminished  state,  but  the  ships  which  composed 
it  were  in  great  want  of  repair ;  the  attention  of  the  government  was  di- 
rected for  several  years  to  the  raising  of  the  navy  to  an  efficient  state, 
by  granting  considerable  sums  annually  for  the  repairs  of  ships. 

The  injurious  effects  of  bilge-water  and  foul  air  in  the  holds  of  ships 
came  imder  consideration  in  the  year  1715 ;   and  instructions  were  given 
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with  the  view  to  diminish  the  injurious  consequences  of  these  elements  of 
decay.  The  means  ordered  to  be  used^  consisted  chiefly  in  making  such 
alterations  as  would  allow  a  better  circulation  in  the  hold^  permit  the 
watCT  to  run  freely  to  the  pumps,  and  allow  the  fresh  air,  which  might  be 
introduced  into  the  hold,  to  be  dijBfused  with  less  obstruction.  These  in- 
structions were  given  with  immediate  reference  to  ships  in  ordinary ;  but 
some  of  the  arrangements  were  suited  to  ships  at  sea  as  well  as  to  those 
lying  in  harbour :  particularly  the  trunk  which  was  ordered  to  be  fitted  to 
the  lower  deck,  to  convey  the  air  through  the  openings  of  the  decks  into 
the  hold. 

In  1719,  when  the  preservation  of  ships  was  again  brought  under  con- 
sideration, the  master-shipwrights  of  the  several  dockyards  proposed  that 
about  seven  feet  of  water  should  be  let  into  ships'  holds  by  means  of  pipes 
or  plugs  through  the  bottom,  in  the  month  of  April,  and  remain  in  till 
August,  that  it  might  produce  a  general  coolness  in  the  hold,  and  preserve 
the  fore  and  after  bodies,  which  were  seldom  impregnated  with  bilge-water ; 
and  that  after  the  water  had  remained^  in  the  ships  about  four  months,  it 
should  be  ptunped  out.  It  was  recommended  that  the  experiment  should 
.be  made  upon  the  ships  which  had  been  recently  built  or  rebuilt.  But  it 
does  not  appear  that  this  means  was  ever  extensively  used  in  the  navy ;  or 
if  it  was,  that  the  use  of  -it  was  anything  beyond  an  experiment.  It  may, 
however,  be  supposed  that  the  experiment  was  made ;  as  particular  instruc- 
tions w^re  given,  that  the  water  should  not  be  admitted  into  ships  lying 
in  such  positions  in  the  harbours,  that  they  were  in  danger  of  taking 
the  ground. 

They  also  proposed  that  the  principal  strakes  of  both  the  outside  and  in- 
side planking  should  be  snail-creeped,  or  guttered  or  grooved  by  a  gouge  to 
about  an  inch  in  breadth,  and  half  an  inch  in  depth.  This  was  found  at 
the  breaking  up  of  several  ships,  to  have  been  done ;  but  the  practice  was 
soon  discontinued,  like  the  absurd  practice  which  had  been  resorted  to  in 
the  seventeenth  century,  of  forcing  water  against  the  inside  planking  below 
water  to  discover  leaks ;  but  which  was  never  productive  of  any  beneficial 
result. 

A  consideration  of  the  general  inferiority  of  British  ships  of  wbt  in 
comparison  with  those  of  France,  led  to  the  ordering  of  a  new  establish- 
ment, in  1719,  for  the  dimensions  of  ^hips.  By  this  establishment,  ships 
of  one  hundred  guns  were  increased  nine  feet  in  length,  four  feet  in 
breadth,  and  319  tons  in  burthen ;  those  of  ninety  guns,  two  feet  in  length, 
two  inches  in  breadth,  and  15  tons  in  burthen ;  those  of  eighty  guns,  two 
feet  in  length,  one  foot  six  inches  in  breadth,  and  67  tons  in  burthen ; 
those  of  seventy  guns,  one  foot  in  length,  six  inches  in  breadth,  and  59  tons 
in  burthen ;  those  of  sixty  guns,  one  foot  in  breadth,  and  37  tons  in  bur* 
then ;  those  of  fifty  guns,  four  feet  in  length,  one  foot  in  breadth,  and  51  tons 
in  burthai ;  the  forty  gun  ships,  six  feet  in  length,  one  foot  two  inches  in 
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breadth^  and  63  tons  in  burthen.  The  following  dimensions  were  also 
now  established  for  the  building  of  twenty-gun  ships  :  length  on  the  gun- 
deck  one  hundred  and  six  feet^  length  of  keel  for  tonnage^  eighty-seven 
feet  nine  inches,  extreme  breadth  twenty-eight  feet  four  inches,  depth  in 
the  hold  nine  feet  two  inches,  and  burthen  374  tons.  In  the  alterations 
introduced  by  this  establishment,  a  greater  relative  breadth  wsb  given, 
making  the  length  of  the  three-deck  ships  3.  5  times  their  breadth;  the 
length  of  two-deck  ships,  of  seventy  and  sixty  guns,  was  about  3.  7  times 
their  breadth ;  the  length  of  two-deck  ships,  of  fifty  and  forty  guns,  was 
about  3.  75  times  their  breadth;  and  the  length  of  the  twenty-gun  ships 
was  3.  74  times  their  breadth ;  the  depth  in  the  hold  was  also  increased  in 
every  class  of  ships  except  those  of  seventy  guns. 

Besides  the  alterations  in  the  dimensions  of  ships,  some  improve- 
ments were  made  in  their  interior  conveniences,  one  of  which  was,  the 
building  of  sail-rooms  between  the  fore  and  main  hatchways  a-midships. 
For  before  this  time,  the  situation  in  which  the  sails  had  been  stowed,  had 
allowed  them  to  get  damp,  and  become  injured  by  mildew. 

The  preservation  of  timber  used  in  the  building  of  ships  was  recon- 
sidered this  year.  Up  to  this  time,  thickstuff  and  plank  were  generally 
prepared  for  use  by  being  charred;  the  process  of  charring  consisted  in' 
subjecting  the  inner  surface  of  the  plank,  &c.,.  to  the  action  of  fire  kept 
up  by  bavins,  or  old  timber,  whilst  the  outer  side  was  kept  wet.  This 
was  continued  until  the  plank  was  reduced  to  such  a  state  that  it  might 
be  bent  to  suit  the  purpose  for  which  it  was  required.  And  in  connection 
with  improving  the  condition  of  timber  for  immediate  use,  it  was  ordered 
that  those  means  should  be  employed  which  were  best  suited  to  improve 
the  durabihty  of  the  timber.  The  same  subject  had  been  brought  under 
the  notice  of  the  navy  board  in  the  years  1694,  1697,  1703,  1704,  1715, 
1716,  and  1717.  The  charring  of  thick-stuff  and  planks  was  now  partially 
superseded  by  the  process  of  storing.  This  process  consisted  in  placing 
the  thickstuff  and  planks  in  wet  sand,  and  subjecting  it  to  heat  of  such 
a  degree  and  for  such  time  as  were  deemed  the  best  smted  to  extract  the 
remaining  juices  of  the  wood,  and  to  bring  it  to  the  condition  of  supple- 
ness that  was  required  in  using  it. 

The  preparation  of  timber  for  use,  and  the  preservation  of  it,  were  again 
brought  under  the  attention  of  the  navy  board,  in  1726,  when  a  report  by 
two  of  the  master-shipwrights  on  the  state  of  the  planking  on  the  bottom 
of  the  Falkland,  which  had  been  rebuilt  in  the  years  1719  and  1720,  sup- 
plied the  means  of  judging  of  the  comparative  merits  of  different  means 
which  were  then  used  for  the  same  purpose.  The  planks  which  had  been 
used  on  the  bottom  of  this  ship  had  been  prepared  for  use  by  different 
processes.  Some  of  them  had  been  charred;  others  had  been  stoved;  and 
some  of  them  had  been  neither  charred  nor  stoved :  and  whilst  the  planks 
which  had  been  stoved  were  found  in  a  state  of  good  preservation,  many 
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of  those  which  had  been  differently  prepared  were  rotten.  Tlie  different 
states  of  the  planking  of  this  ship  determined  the  recommendation  of  the 
master-shipwrights  who  surveyed  her,  and  the  order  which  was  issued  in 
pursuance  of  such  recommendation. 

The  practice  of  stoving  timber  owed  its  origin  to  a  Mr.  Cumberland,  to 
whom,  as  a  compensation  for  his  useful  discovery,  was  granted  a  tenth  part 
of  the  saving  which  should  result  from  the  use  of  it.     But  it  does  not 
appear  that  he  pursued  his  investigations  very  vigorously,  or  to  more  than 
general  results ;  for  when  the  practice  was  introduced  generally  into  the 
royal  dockyards,  the  instructions  stated  that  the  planks  and  thick-stuff 
were  not  to  be  kept  too  long  in  the  heat ;  and  the  degree  of  subjection  to 
the  process,  and  the  time  of  it,  were  to  be  ascertained  by  experiments  in 
performing  that  service.     Salt  water  and  salt  water  sand  were  considered ; 
preferable  to  firesh  in  improving  the  durableness  of  the  timber;  and  they  .. 
were  therefore  ordered  to  be  always  used  for  this  purpose.     This  means  of ; 
suppling  and  improving  the  condition  of  timber  remained  in  use  until  \ 
1736,  when  it  was  superseded  by  the  use  of  steam-trunks,  which,  in  effect,  ) 
were  similar  to  the  present  steam-kilns.  J 

A  Mr.  Boswell,  purveyor  of  timber  in  the  dockyard  at  Deptford,  was  the 
first  to  introduce  the  method  of  suppling  timber  by  steam.  This  practice 
was  continued  in  the  dockyards  about  eight  years ;  and  was  then  succeeded 
by  the  use  of  kilns,  in  which  the  thick-stuff  and  planks  were  boiled  as  they 
are  at  present.  The  steam-trunks  or  kilns  have,  however,  been  continued 
in  use  to  prepare  the  wood  for  boat-building  up  to  this  time ;  as  they  have 
also  for  more  general  purposes  in  private  yards ;  and  the  more  extensive 
use  of  them  was  partially  restored  in  the  royal  dockyards  in  1839.  The 
preparation  of  the  wood  by  steam  is  doubtless  superior,  when  the  kilns  are  ' 
properly  made  and  managed,  to  that  of  boiling  it ;  since  the  extreme  i 
tenuity  of  the  steam  renders  it  capable  of  penetrating  more  effectually 
through  the  pores  than  water;  and  the  process  is  conducted  at  a  less 
expense.  ^ 

There  were  several  interruptions  to  the  tranquillity  of  Europe  during 
this  reign,  especially  the  war  with  Spain,  which  lasted  from  1718  to  1721 ; 
causing  the  frequent  employment  of  fleets  and  squadrons,  for  the  purpose 
of  obtaining  those  concessions  wliich  were  deemed  just  to  the  allies  of 
Great  Britain,  as  well  as  requisite  for  securing  a  proper  regard  to  the 
interests  of  the  English  themselves.  In  1720  Gibraltar  was  attacked  by 
the  Spaniards ;  but  the  intervention  of  an  English  squadron  defeated  their 
objects,  and  saved  the  garrison.* 

In  1727  a  considerable  force  was  fitted  out,  and  sent  into  the  Baltic 
to  prevent  Russia,  which  had  now  become  formidable  in  the  north  of 
Europe  by  the  growing  power  of  her  navy,  from  involving  the  northern 

♦  Lediard's  Naval  History,  Vol.  II.,  p.  901. 
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nations  in  a  war,  by  an  aggressive  interference  with  Sweden.  Sir  John  Nor- 
ris,  in  command  of  the  fleets  arrived  in  the  Sound  on  the  11th  of  May. 
The  death  of  the  king  occurred  on  the  10th  of  June,  and  no  other  im- 
portant events  resulted  from  the  naval  preparations  which  had  been  made. 

The  reign  of  Qeorge  the  Second  was  begun  with  a  general  peace ;  Sir 
Bobert  Walpole  beiag  retained  in  office,  it  was  the  object  of  that  minister 
to  maintain  the  same  national  relations.  This  he  was  enabled  to  accom- 
plish for  a  considerable  time,  but  not  without  great  expense ;  for,  having 
little  confidence  in  the  pacific  temper  of  the  continental  nations,  he  did  not 
deem  it  safe  to  relax  the  measures  which  would  hold  the  nation  in  readi- 
ness to  engage  in  war,  whenever  such  a  course  should  be  seen  to  be  un- 
avoidable ;  and  therefore  the  extent  to  which  a  navy  was  kept  ready  for 
service,  occasioned  a  heavy  continuous  expense.* 

The  Spanish  Guarda-costas  in  the  West  Indies,  by  the  rigour  with 
which  they  enforced  the  searching  of  English  ships,  notwithstanding  com- 
plaints and  remonstrances  to  the  court  of  Spain,  at  length  provoked  the 
English  to  enter  on  hostile  measures,  to  resent  the  injuries  their  commerce 
had  sustained.  Contrary  to  the  temper  of  government,  the  nation  ap- 
peared eager  for  a  Spanish  war;  and  captain  Vernon  declared,  in  the 
House  of  Commons,  that  he  would  take  Porto  Bello  with  six  ships  of  war. 
A  squadron  of  ships  was  accordingly  fitted  out ;  and  Vernon,  now  promoted 
to  the  rank  of  rear-admiral,  was  appointed  to  the  command  of  it,  for  the 
service  which  he  had  suggested.  The  result  of  the  attack  on  Porto  Bello 
was  eminently  successfiil ;  the  impetuous  bravery  with  which  it  was  con- 
ducted, surmounted  every  difficulty. 

A  Spanish  war  now  became  inevitable ;  and  it  was  accordingly  declared, 
in  October,  1739.  The  British  navy  consisted  at  that  time,  of  "  thirty- 
eight  ships  of  the  line  actually  in  commission,  namely  :  one  of  ninety  guns, 
five  of  eighty,  twelve  of  seventy,  and  twenty  of  sixty,  exclusive  of  nineteen 
ships  of  fifty  guns,  and  twenty-seven  vessels  of  inferior  rates,  none  of  which 
carried  less  than  twenty.  Independently  of  these,  twenty-four  other  ships 
of  two  and  three  decks,  two  mounting  100  guns  each  ;  as  many  ninety ; 
six,  eighty;  four,  seventy;  and  ten,  sixty  or  fifty;  besides  eight  fiigates, 
were  ready  at  a  moment's  warning  for  immediate  service.f  But  as  the  war 
was  undertaken  in  opposition  to  the  views  of  the  government,  it  was  not  at 
first  carried  on  with  much  of  either  vigour  or  success ;  and  even  Vernon, 
whose  first  enterprise  had  been  so  eminently  successful,  failed  to  sustain, 
by  a  continuance  of  such  conduct,  the  reputation  his  service  at  Porto  Bello 
had  acquired  for  him.    A  plan  was  formed,  for  the  taking  of  Carthagena^ 


*  In  1735,  the  earl  of  Northumberlaiid  built  a  ship  in  Deptford  dock-yard,  of  950  tons. 
The  king,  who  attended  the  launch,  named  her  the  "  Scourge  of  Malice." — Naval  History ^ 
by  Hiomas  Lediard,  note  c.,  page  28. 

t  Charnock,  Vol.  Ill,  pp.  106-7. 
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for  which  a  considerable  re-inforcement  was  sent  to  join  him ;  but  success 
was  soon  rendered  hopeless^  by  the  division  which  arose  in  the  councils  of 
the  officers. 

In  September,  1740,  commodore  Anson  undertook  his  celebrated  voyage 
round  the  world :  his  squadron  consisted  of  five  men-of-war,  a  sloop,  and 
two  transports.  After  entering  the  South  Sea3,  he  became  subject  to 
many  difficulties  in  continued  succession ;  perhaps  greater  than  any  that 
had  tried  the  fortitude  of  a  British  commander,  since  the  time  of  Sir  Frau- 
ds Drake.  The  commodore  was  deprived  of  the  co-operation  of  his  com- 
panions ;  but  after  all  th^  ships  of  his  squadron  had  been  separated,  he 
alone,  in  the  Centurum,  accomplished  the  greater  part  of  those  services 
which  distinguished  his  voyage, — ^the  plundering  of  the  Spaniards  of  very 
large  amounts  of  treasure ;  and  then  returned  to  England,  arriving  at 
Spithead,  in  June,  1744. 

No  declaration  of  war  with  France  had  been  yet  issued;  but  the  French 
and  Spanish  fleets,  lying  together  in  the  harbour  of  Toulon,  had  been  for 
a  considerable  length  of  time  blockaded  by  an  English  fleet.  Early  in 
the  month  of  February,  the  combined  fleet  left  the  harbour,  and  a  very 
partial  engagement  took  place  :  the  French  appear  to  have  aimed  at  avoid- 
ing an  engagement  altogether;  but  the  Spanish  ships,  not  sailing  so  well^ 
were  attacked  by  some  of  the  English ;  and  the  result  of  this  was,  the 
capture  of  the  Poder,  a  Spanish  sixty-gun  ship,  which,  as  it  was  found  to  be 
impracticable  to  bring  her  off,  was  set  on  fire.  The  EngUsh  chased  the 
fleets  of  France  and  Spaia  during  the  following  days,  without  advantage, 
and  then  returned  to  resume  their  station  off  the  coast  of  Italy. 

Within  a  short  time  from  this  trivial  encounter,  France  issued  a  declara- 
tion of  war  against  England ;  and  in  a  few  dnys  afterwards,  this  declara- 
tion was  echoed  in  England.  At  this  time,  says  Campbell,  "  the  navy  of 
France  consisted  of  forty-five  ships  of  the  line,  sixty-seven  firigates,  and 
fifty-five  galleys ;  that  of  England,  of  ninety  ships  of  the  line,  eighty-four 
firigates,  and  fifty  other  vessels :  in  all,  two  hundred  and  twenty-four  ships 

of  war.^'t 

Since  the  resignation  of  Sir  Robert  Walpole,  in  1742,  some  alteration 
had  been  made  in  the  employment  of  the  navy ;  and  now,  that  a  war  with 
France  had  commenced,  another  squadron  was  sent  out  to  re-inforce  the 
fleet  in  the  Mediterranean ;  but,  having  on  its  passage  out,  put  into  the 
port  of  Lisbon,  it  was  blockaded  there  for  some  time,  by  a  fleet  which  had 
been  sent  from  Brest  for  that  purpose.  The  blockade  wajs  discontinued 
when  the  approach  of  an  English  fleet  was  announced.  In  the  month 
of  October  of  this  year,  the  Victory,  of  100  guns,  with  admiral  Sir  John 
Batchen  on  board,  was  lost,  it  is  supposed,  upon  the  Caskets;  for  no  certain 
information  was  obtained  respecting  the  loss  of  this  ship. 

*  VoL  IV.,  p.  4S4  ;  seo  also  Chamock,  Vol.  III.,  p.  114. 
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Since  the  declaration  of  war^  up  to  tliis  tiine^  the  affairs  of  the  navy 
appear  not  to  have  been  conducted  with  sufficient  energy;  little  was 
accomplished  by  the  fleets  generally ;  and  the  interests  of  commerce  seem 
to  have  been  most  inadequately  protected.  The  naval  administration  now 
gave  great  dissatisfaction  to  the  country ;  and  in  1745  the  duke  of  Bedford 
was  appointed  to  the  office  of  First  Lord  of  the  Admiralty.  This  change 
was  immediately  followed  by  such  activity  as  the  state  of  the  service  at 
that  time  required;  the  West  Indian  fleet  and  the  Mediterranean  fleet 
were  suitably  re-inforced ;  and  the  British  coasts  were  secured  by  cruisers 
properly  stationed.* 

The  naval  service  was  stilly  however^  carried  on  rather  languidly  during 
that  and  the  following  year.  In  the  spring  of  1747^  admiral  Anson^ 
having  been  some  time  before  appointed  to  the  command  of  the  channel 
fleets  was  ordered  to  attack  a  fleet  that  was  expected  to  sail  shortly  from 
Brest.  Anson  had  waited  some  time^  and  on  the  3rd  of  May  the  French 
fleet  appeared.  The  French  endeavoured  to  escape,  but  were  chased;  and 
after  an  action  of  about  three  hours  they  struck.  A  fleet  of  merchantmen 
was  intercepted  by  an  English  squadron,  in  the  course  of  the  summer ; 
and  about  forty  sail  captured,  the  convoy  having  forsaken  them  to  save 
themselves;  and  subsequently,  a  fleet  of  outward-bound  merchantmen 
from  Bochelle  was  intercepted  by  a  fleet  under  rear-admiral  Hawke ;  six 
of  the  ships  of  war  were  captured;  and  having  accomplished  that,  the 
admiral  did  not  think  it  safe  to  pursue  the  merchantmen. 

In  this  ye$ur  an  unusual  accident  occurred  in  the  dockyard  at  Chatham, 
in  attempting  to  launch  the  Newark,  an  80-gun  ship.  This  ship  having 
passed  about  forty  feet  down  the  slip,  stopped,  and  remained  in  that 
position  until  the  next  day,  when  efibrts  were  made  to  complete  the 
launching  of  her  by  the  use  of  screws,  tackles,  and  hawsers ;  but  she  re- 
mained firmly  fixed  in  the  place  where  she  had  stopped.  On  the  following 
day  additional  forces  were  applied;  but  in  consequence  of  an  accident, 
the  attempt  was  discontinued ;  and  as  the  tides  were  fidling  off,  means  were 
taken  to  secure  the  ship,  that  she  might  remain  in  that  position  until  the 
next  spring  tides.  In  the  mean  time  the  state  of  the  ship  was  carefully 
examined,  when  it  was  found  that  the  launching  ways  of  the  slip  had 
settled,  which  circumstance  occasioned  the  difficulty  in  launching  the 
ship.  The  dechvity  of  the  slip  was  then  increased,  and,  at  the  recurrence 
of  the  spring  tides,  the  ship  was  moved  about  the  distance  of  ninety-seven 
and  a  half  feet,  when  she  stopped  again ;  forces  were  again  applied,  and 
the  ship  was  moved  by  them  the  distance  of  about  one  foot  only.  On  the 
following  morning,  at  high  water,  the  efforts  to  launch  her  were  repeated, 
but  without  success ;  and  the  ship  remained  stationary  until  the  tide  had 
ebbed  about  two  hours,  when  she  launched  into  the  river  without  any 


*  Campbell,  Vol.  IV.,  p.  489. 
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external  impulse,  the  circumstance  being  witnessed  by  only  the  few  men 
who  had  been  ordered  to  remain  in  attendance  at  the  ship.  The  Newark 
was  afterwards  found  to  have  been  strained  a  little ;  but  she  did  not  leak. 

The  war  terminated  in  1748;  and  from  its  commencement  till  its 
conclusion,  the  English  lost  3238  ships  and  vessels.  The  ships  and  vessels 
they  had  captured  during  the  same  period  were  1249  Spanish,  and  2185 
French.  Of  the  French  navy  fifty-six  other  ships  were  either  taken  or 
destroyed ;  and  of  the  Spanish,  twenty-four.  England  likewise  sustained  the 
loss  of  sixteen  ships,  none  of  which  was  less  than  forty  guns ;  seven  ships 
of  twenty  guns ;  and  twenty-six  of  inferior  rates. 

During  the  naval  operations  of  the  war,  the  English  saw  the  comparative 
defects  of  their  own  ships.  The  English  navy  was,  in  fact,  in  a  very  bad 
condition  as  it  regarded  the  building  of  ships.  The  establishment  of  1719  '• 
had  not  been  adhered  to  for  some  years,  and  no  other  had  been  substituted 
in  its  room ;  ships  were  then  built  without  any  particular  reference  to  a  1 
fixed  standard,  and  a  great  number  of  the  same  class  were  built  with  va- 
rious dimensions,  without  benefit  to  the  service,  whilst  much  inconve- 
nience resulted  from  this  variety. 

Complaints  had  been  made  too  of  weakness  in  ships  at  sea;  and  this 
defect  had  been,  partially  remedied  in  pursuance  of  an  order  for  that  pur- 
pose, by  placing  on  the  difierent  decks  ^  many  standards  of  either  wood 
or  iron  as  could  be  conveniently  placed  clear  of  the  guns,  and  putting 
additional  bolts  of  larger  size  than  had  been  ordinarily  used  for  that 
purpose,  aB  high  up  as  possible  in  the  throat  of  the  hanging-knees. 
At  the  same  time  it  was  ordered  that  the  beams  of  the  quarter-deck 
and  roundhouse  should  have  the  support  of  lodging  knees;  and  that 
several  of  the  beams  should  have,  in  addition,  hanging-knees  of  wood 
or  iron.  The  taffirails  and  quarter-pieces,  which  were  very  heavy,  were 
reduced  in  size;  the  stem  was  strengthened;  the  mainpiece  of  the  knee 
of  the  head  was  lengthened;  and  additional  cheeks  were  given  to  the 
head. 

4  It  was  '^  likewise  observed,  that  the  scantlings  of  his  majesty's  ships  in 
general  were  not  so  large  and  strong  as  they  should  be ;  and  it  was  also 
a  general  complaint  that  the  ships  were  crank,  and  heeled  so  much  in 
blowing  weather,  that  they  could  not  open  their  lee-ports ;  at  the  same 
time  that  the  ships  of  aome  other  nations  went  upright  with  all  their 
batteries  open,  and  ready  for  action.  It  was  therefore  esteemed  a  matter 
of  the  highest  importance,  that  the  great  inconvenience  arising  firom  the 
loose  and  irregular  maimer  of  building  his  majesty's  ships,  which  then 
prevailed,  should  be  rectified,  and  the  complaints  so  often  made  of  their 
bad  qualities  prevented;  that  the  dimensions  of  the  ships  in  the  navy 
should  be  brought  to  a  certain  size  and  standard,  according  to  their  several 
classes ;  that  in  doing  this,  the  opinion  and  advice  of  the  master-shipwrights 
of  his  majesty's  several  yards,  and  of  such  others  as  the  lords  commissioners 
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of  the  admiralty  judged  qualified^  should  be  taken^  in  order  to  come  at  a 
general  fixed  establishment/^* 

The  objects  which  were  required  to  be  attained^  were,  that  the  ships  of 
the  royal  navy  might  be  enabled  to  carry  the  number  and  nature  of  guns 
according  to  the  establishment  of  that  time,  having  their  lower  tier  six 
feet  above  water,  with  four  months'  provisions  on  board,  and  stores  for 
foreign  service :  and  it  was  also  desired,  that  other  considerations  should 
be  comprehended,  with  a  \'iew  to  give  them  the  proper  qualities  of  good 
ships  of  war,  in  point  of  sailing,  fighting  the  enemy,  durability,  and  in  all 
other  respects  whatsoever.  The  admiral  immediately  applied  to  the  most 
experienced  and  skilful  men ;  and  in  accordance  with  the  requisition  of  the 
admiralty,  dimensions  were  supplied  for  ships  of  100,  90,  80,  70,  60,  50, 
40,  and  20  guns,  and  for  sloops,  by  the  master-shipwrights  of  the  several 
dockvards. 

''  Reform,  however,^'  says  Chamock,  "  went  on  but  slowly.  The  British 
navy  was  reduced  to  an  inequality  with  respect  to  that  of  the  different 
foreign  powers,  reckoning  ship  for  ship,  not  only  in  the  contracted  dimen* 
sions,  but  in  the  form  or  shape  given  to  the  vessels  composing  it ;  which 
neither  the  inconveniences  found  to  result  from  them,  nor  the  example 
of  those  benefits  found  to  be  derived  by  other  coimtries,  from  the  pursuit 
of  a  contrary  system,  were  for  many  years  capable*  of  removing.  This 
prejudice  appears  to  have  risen  almost  to  a  species  of  mania;  so  that 
nothing  short  of  the  most  violent  remedies,  and  coercive  regulations,* 
seemed  capable  of  removing  the  hindrance  to  improvement.^'t 

One  step  in  the  path  of  improvement  resulted  from  the  capture,  in  1740, 
of  the  Princessa,  a  Spanish  ship  of  seventy  guns  {See  Plate  15).  The 
excellence  of  this  ship  it  was  desired  to  equal ;  and  with  this  view  the 
Royal  George  was  constructed,  and  laid  down  at  Woolwich,  in  1746;  but 
she  was  not  launched  until  1756. 

The  following  are  the  principal   dimensions  of  the  Princessa,  and  of 

jthe  Royal  George.     [Plate  16.) 

I  Princessa.  Royal  George. 

!       Length  on  the  gun-deck 165  ft.  1  in.  178  ft.  0    in. 

Length  of  the  keel  for  tonnage  . .  130  „    3   „  143  „    Sj    „ 

'        Extreme  breadth 49  „    8   „  51  „    9^    „ 

Depth  in  the  hold    22  „    3    „  21  „    6     „ 

Proportion  of  breadth  to  length . .      as  1: 3. 32  as  1 : 3. 43 

Burthen  in  tons 1709  2046U 

The  following  Table,  copied  from  Chamock,  shows  the  dimensions  pro- 
posed by  the  several  master-shipwrights,  in  connection  w  ith  those  of  the 
establishment  of  1719. 

♦  Admiralty  letter  to  Sir  John  Norris,  admiral  of  the  fleet, 
t  Chamock,  Vol.  III. 
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The  Blenheim  of  ninety  guns  was  constructed  by  Sir  Thomas  Slade^ 
according  to  the  dimensions  which  had  been  determined  on  in  1748^  and 
was  laid  down  at  Woolwich  in  1756,  and  launched  five  years  afterwards* 
The  Princess  Amelia  of  eighty  guns  on  three  decks,  was  a  very  superior 
ship  in  her  time ;  the  high  estimation  in  which  she  was  held  being  attested 
by  the  frequency  with  which  she  was  employed  during  the  whole  time  she 
was  fit  for  service.  She  was  constructed  according  to  the  establishment 
of  1745  ;  laid  down  at  Woolwich  in  1751,  and  launched  in  1757. 

The  principal  dimensions  of  these  two  ships  were  as  follows : 

Blenheim.  Princess  Amelia. 

Length  on  the  gun-deck 176  ft.  1  in.  165  ft.  0  in. 

Length  of  the  keel  for  tonnage  . .    142  „    7   „  133  „    0   „ 

Extreme  breadth 49  „    1   „  47  „    3   „ 

Depth  in  the  hold    21  „    0   „  20  „    0   „ 

Proportion  of  breadth  to  length . .      as  1: 3. 58  as  1: 3. 49 

Burthen  in  tons   1827  1579^ 

The  capture  of  the  Invincible  of  seventy-four  guns  from  the  French,  in 
1747,  led  to  an  increase  of  dimensions  in  British  ships  of  the  same  force. 
This  was  deemed  a  very  superior  ship ;  and  her  dimensions,  with  a  diminu- 
tion of  six  inches  in  the  extreme  breadth,  and  four  inches  in  the  length  of 
the  keel,  were  taken  in  constructing  the  Triumph,  a  seventy-four  gun  ship, 
which  was  laid  down  at  Woolwich  in  1758,  and  launched  in  1764.  The 
Mars,  Thunderer,  and  Canada  were  other  ships  of  the  same  rate,  and  built 
about  the  same  time.     The  following  were  their  principal  dimensions : 


Triumph. 

Man. 

Thunderer. 

Feet.     in. 

Feet.     in. 

Feet.     in. 

Feet.     in. 

Length  on  the  gun-deck   . 

171    3 

165     6 

166     6 

170     0 

Length  of  the  keel  for  tonnage  . 

138    8 

134     4 

136     0 

130      1 

Extreme  breadth 

49     9 

46     8 

47     2 

46     9 

Depth  in  the  hold    . 

21     3 

19     9 

19     9 

20     6 

Proportion  of  breadth  to  length 

as  1:3.44 

as  1:3.54 

as  1:3.53 

as  1:3.63 

Burthen  in  tons 

1825fJ 

1556^ 

1609fJ 

1606H 

The  results  of  observation  and  experience  led  to  some  alterations  in  the 
classes  of  ships  inferior  to  those  just  mentioned :  the  building  of  seventy 
gun  ships  was  discontinued ;  only  five  of  them  were  launched  in  England 
after  1750 ;  the  Boyne,  constructed  by  Sir  John  Allen,  which  was  the  last 
of  this  class  of  ships,  was  launched  at  Plymouth  in  1766.  Three  ships  of 
sixty-eight  gims  were  launched  in  1750  and  1758;  and  we  find  no  more 
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of  that  class  built  during  the  remainder  of  the  century.  Only  one*of  sixty- 
six  guns  was  built  after  the  year  1739^  and  that  was  the  Lancaster,  launched 
at  Woolwich  in  1749. 

Ships  of  sixty-four  guns  were  of  the  smallest  force  that  were  now  de- 
nominated ^'of  the  line;^'  and  their  dimensions  were  considerably  en- 
larged. A  comparison  of  two  ships^  one  launched  at  Deptford  in  1742,  and 
the  other  constructed  by  Sir  Thomas  Slade,  in  1764,  wiU  show  the  en- 
largement of  dimensions  by  which  ships  of  that  class  were  improved. 


Ship*. 

When 
launched. 

Length. 

Extreme 
Breadth. 

Depth 
in  Hold. 

Burthen 
in  Tons. 

Proportion  of 

Breadth 
to  Length. 

On  gun-deck. 

Of  keel. 

Revenge  . 
St.  Albans 

1742 
1764 

Feet.     in. 

151     0 
159     3f 

Feet.    in. 

124  6| 
130  9§ 

Feet.     in. 

43  7 

44  6^ 

Feet.    in. 

17  9 

18  9} 

1258 
1380 

As 

1:3.46 
1:3.57 

Ships  of  sixty  guns  were  now  removed  firom  the  line,  although  they 
appear  to  have  been  occasionally  placed  in  the  Hne  of  battle  long  after  that 
period;  but  although  no  longer  designed  to  occupy  that  position  in  general 
engagements,  it  was  nei^ertheless  deemed  requisite,  for  the  service  in  which 
they  would  be  employed,  that  their  dimensions  also  should  be  enlarged. 
The  Dreadnauffht  was  launched  in  1742 ;  and  the  Edgar  of  the  same  class 
in  1758.     The  following  were  their  principal  dimensions : 

Dreadnought.  Edgar. 

Length  on  the  gun-deck 144  ft.     1     in.         154  ft.     6  in. 

Length  of  the  keel  for  tonnage  . .    118,,      2     „  1^7,,      0   „ 

Extreme  breadth 41  „      71    „  48  „    10   „ 

Depth  in  the  hold    16  „    11      „  18  „      8   „ 

Proportion  of  breadth  to  length. .       as  1: 3. 46  as  1: 3. 52 

Burthen  in  tons 1093  1297 

Ships  of  fifty  guns  were  next  in  the  scale  of  the  establishment  at  this 
time;  but  though  they  were  nominally  rated  at  fifty,  they  sometimes 
carried  fifty-four,  and  occasionally  fifty-eight  guns.  The  Romney,  con- 
structed by  Sir  Thomas  Slade,  was  considered  a  fine  ship  of  this  class, 
and  was  employed  for  nearly  forty  years  in  the  service :  she  was  laid  down 
in  1759,  and  launched  at  Woolwich  in  1762 ;  her  principal  dimensions  were 
as  follows : 

Length  on  the  gun-deck 146  ft.  0    in. 

Length  of  the  keel  for  tonnage 120  „    8^    „ 

Extreme  breadth 40  „    4^    „ 

Depth  in  the  hold    17  „    2      „ 

Proportion  of  breadth  to  length as  1 : 3. 61 

Burthen  in  tons 1046yj 
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The  next  inferior  class  of  ships  was  that  with  forty-four  gnns  on  two 
decks,  which  Chamock  says,  were  ''the  worst  ressek  which  at  that  time 
composed  any  part  of  the  British  navy/'  The  Ludhw  Castle  and  the 
Phcenix  may  be  mentioned  as  examples  of  this  oonstmction ;  the  former 
was  launched  in  1744,  and  the  latter  in  1759.  The  following  were  their 
principal  dimensions : 

Ladlow  Castle. 

Length  on  the  gun-deck 126  ft.  10|  in. 

Length  of  the  keel  for  tonnage  . .    103  „      8 

Extreme  breadth 86  „      8 

Depth  in  the  hold  15  „      5| 

Proportion  of  breadth  to  length. .        as  1: 8. 5 

Burthen  in  tons 725 

There  had  been,  until  very  recently,  no  class  of  vessels  between  this  and 
the  twenty-four  gun  fiigates :  the  Dolphin  may  be  taken  as  a  specimen  of 
these  vessels;  she  was  launched  at  Woolwich  in  1751 ;  and  her  principal 
dimensions  were  as  follows  : 

Length  on  the  gun-deck 113  feet 

Length  of  the  keel  for  tonnage 93 

Extreme  breadth 82 

Depth  in  the  hold    11 

Proportion  of  breadth  to  length 

Burthen  in  tons   


PhoBniz. 
140  ft.  9 
116,, 
87 
16 

as  1:8.69 
856 


0 
4 
1 
0 

as  1:3.52 
511 


99 


99 


99 
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99 


99 


99 


About  this  time,  however,  ships  mounting  thirty-six,  thirty-two,  and 
twenty-eight  guns,  were  brought  into  the  service.  In  the  years  1757  and 
1758,  three  thirty-six-gun  ships  of  Sir  Thomas  Slade^s  construction  were 
launched ;  but,  after  these,  there  were  no  other  ships  of  the  same  force 
built  for  a  number  of  years.  Prom  1757  to  1760,  thirteen  32-gun 
ships  were  launched,  almost  all  of  which  were  of  Sir  Thomas  Slade's  con- 
struction ;  and  the  same  class  of  vessels  continued  to  be  bmlt.  From  1756 
to  1760  nineteen  ships  of  twenty-eight  guns  were  launched;  and  these 
also  were  of  Sir  Thomas  Slade^s  construction.  The  principal  dimensions 
of  the  Pallas  of  thirty-six,  the  Stag  of  thirty-two,  and  the  Argo  of  twenty- 
eight  guns,  are  given  in  the  following  table. 


Shipi. 


Pallas.  . 
Stag  .  . 
Argo  .  . 


Wben 
L&unched. 

LengUi. 

Kxtfene 
Breadth. 

Depth  in 
Hold. 

Burthen 
in  Tom. 

On  Gon-deek. 

Of  Keel. 

Feet.      in. 

Feet.    in. 

Feet.    in. 

Feet.    in. 

1757 

128    4 

106  4 

35  lOf 

12     4 

728 

1758 

125     2\ 

103  8i 

35     ^ 

12     0 

706 

1758 

118     5} 

98  1 

33  IH 

10     6 

601 

Proportion 
of  Breadth 
to  Length. 


At 

1:3.58 

1:3.5 

1:3.69 
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All  these  ships  were  built  in  the  river  Thames. 
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The  evils  arising  from  the  presence  of  bilge-water  and  foul  air  in  the 
holds  of  ships  continued  without  any  adequate  remedy  till  the  year  1753, 
when  Dr.   S.  Hales  brought  under  the   consideration  of  the  lords  com- 
missioners of  the  admiralty  a  method  of  ventilation,  which  was  calculated 
greatly  to  diminish  them.     Experience  had  demonstrated  the  fact,. that  \ 
the  presence  of  these  deleterious  agencies  affecFed  T)oth  the  ships  and  their  / 
crews  j  and  the  quantity  of  carbonic  acid  gas  whicli  is  constantly  produced 
in  a  large  ship  by  several  hundred  men   sleeping  between  the  decks, 
exhausting  the  vital  part  of  the  air,  and  leaving  a  deleterious  atmosphere   . 
in  its  place,  to  subside  into  the  lower  parts  of  the  ship,  and  produce  combi- 
nations of  a  destructive  character,  affecting  both  the  ship  and  the  health 
of  all  on  board,  was  obviously  of  such  importance  as  to  claim  the  atten- 
tion of  those,  whose  acquaintance  with  the  subjects  under  consideration, 
would  fit  them    to  devise  proper    means   to    counteract    their  natural 
tendencies. 

The  means  which  Dr.  Hales  recommended  were,  the  employment  of 
wind-mills  and  large  air-pumps;  and  certainly,  the  principles  on  which 
he  proceeded  were  correct,  although,  like  most  original  contrivances,  the  ! 
arrangements  for  giving  effect  to  his  principles  were  cumbersome,  and 
comparatively  rude.  The  result  of  his  endeavours  was,  however,  highly 
beneficial.  By  the  means  he  recommended,  a  current  of  pure  air  was  \ 
produced  in  the  hold,  which  put  in  motion  the  heavy  part  of  the  air  which 
lodged  there,  and  this  was  then  drawn  off,  whilst  a  current  of  fresh  atmos- 
pheric air  was  introduced  to  supply  its  place. 

The  beneficial  effects  of  Dr.  Hales's  method  of  ventilation  were  rendered 
sufficiently  obvious  whilst  it  was  in  use,  by  the  fact,  that   from  1753,, 
when  it  was  first  employed  in  the  old  Prince j  till  about  the  'year  jJQ&fU 
when  the  use  of  it  was  discontinued,  the  durableness  of  ships  was  mj[te-  \ 
rially  improved;  and  the  salutary  effects  of  it  upon  the  health  of  the  crews  \ 
of  those  ships  to  which  it  was  applied  (especially  transport  and  store-ships),    i 
was  attested  by  the  earl  of  Halifax,  wlio,  in  a  letter  to  Dr.  Hales,  stated 
that  the  mortality  in  the  ships  on  the  coast  of  Nova  Scotia,  which  were 
not  ventilated,  was,  in  comparison  of  those  ships  which  were  ventilated, 
as  twelve  to  one. 

SiQce  the  principles  on  which  Dr.  Hales  proceeded  in  the  ventilation 
of  ships  were  true,  the  improvements  which  have  been  subsequently  made 
have  consisted  rather  in  simplifying  the  means  of  carrying  them  into 
effect,  than  in  any  originality  of  conception.  But  the  object  which  is 
aimed  at,  whether  by  Dr.  Hales^s  wind-mills  and  air-pumps,  by  Mr. 
Parkins's  ventilators,  by  fans,  or  by  heat,  has  not  yet  been  fully  realized ; 
that  of  producing  a  constant  disturbing  force  in  the  lower  part  of  the  hold, 
which  should  give  motion  to  the  foul  air  that  would  have  a  natural 
tendency  to  lodge  there,  whilst  suitable  means  were  at  the  same  time  in 
operation  for  conveying  away  this  foul  air,  and  supplying  its  place  by 
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the  introduction  of  pure  atmospheric  air.  The  constant  operation  of  some 
means  to  produce  this  effect  is  necessary  to  the  preservation  of  the  timbers 
of  ships^  of  the  stores  they  have  on  boards  and  of  the  health  of  the  crew. 
The  three  objects  contemplated  in  effective  ventilation  bear  a  necessary 
relation  to  each  other;  and  it  is  obvious  that  simplicity  is  most  desirable 
in  any  plan  for  ventilating  ships. 

The  introduction  of  dry  and  pure  air  into  the  hold  is  requisite  to  carry 
off  the  humid  particles  which  adhere  to  the  interior  of  a  ship^  and  excite 
the  latent  elements  of  decay  which^  under  circumstances  favourable  to 
their  development^  are  soon  apparent.  But  if  the  openings  in  the  firame  of 
a  ship  were  made  to  form  air-tubes  for  this  purpose,  which  might  be  done 
at  a  small  expense,  if  the  arrangement  were  carried  on  simultaneously  with 
the  building  of  the  ship,  there  would  be  a  permanent  means  of  ventilating 
every  part  of  the  structure ;  and  air-pumps  may  be  made  to  act  in  connec- 
tion therewith.  And  in  the  absence  of  air-pumps,  the  common  pumps  of  the 
ship  may  then  be  made  to  answer  the  purpose,  by  first  pumping  the  well  diy^ 
and  then  continuing  to  work  the  pimips ;  for  when  there  is  no  longer  any 
water  to  be  brought  up,  the  pimips  will  bring  up  the  foul  air,  which,  by 
its  greater  specific  gravity  will  lie  in  the  lowest  parts  of  the  hold ;  and  the 
limber  passage  will  be  sufficient  for  drawing  it  fix)m  the  parts  of  the  hold 
in  which  it  may  have  collected.  A  method  of  ventilation  identified  with 
the  construction  of  the  ship,  and  of  easy  operation,  would  obviously  prove 
to  be  of  more  general  application  and  efficiency  than  an  arrangement  of  ap- 
paratus of  a  cumbrous  description^  however  ingenious  the  contrivance  of 
it  may  be. 

In  the  same  year,  the  quarter-deck  in  small  frigates  was  carried  forward 
to  the  main-mast ;  previously  to  this  time  it  was  short,  and  the  deficiency 
of  length  wajs  supplied  by  gangboards  in  the  waist,  which  rested  on  iron 
knees.  And  in  1754,  the  rudder  heads  in  ships  of  fifty  guns  and  upwards 
were  lengthened :  instead  of  being  so  long  as  to  admit  only  one  tiller  to 
be  shipped  below  the  uppar  deck,  the  rudder  heads  were  carried  up,  so 
that  in  the  event  of  the  lower  tiller  being  carried  away,  another  might  be 
shipped  above  the  upper  deck  to  supply  its  place. 

In  March,  of  the  year  1755,  it  was  announced  in  the  House  of  Com- 
mons, that  a  war  was  likely  to  take  place  between  this  country  and 
France ;  this  apprehension  was  excited  by  the  hostile  preparations  which 
France  had  been  for  some  time  past  making  in  North  America ;  and  the 
house  granted  the  sum  of  one  million  sterling  for  the  defence  of  the 
British  North  American  colonial  possessions.  Squadrons  were  fitted  out, 
and  hostilities  were  begun  by  attacking  and  capturing  two  ships  of  a 
squadron  sent  fix)m  France  to  North  America.  About  three  himdred 
French  merchantmen  were  captured  likewise  during  the  year ;  but  no  de- 
claration of  war  had  been  issued.  This  formality  did  not  take  place  till 
June,  1756. 
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Great  alarm  was  expressed  at  the  prospect  of  an  invasion  of  either 
England  or  Ireland ;  but  it  is  doubtful  whether  this  was  the  object  of  the 
French  in  any  of  the  preparations  they  were  making.  Repeated  intima- 
tions were  given  to  the  British  government^  in  the  early  part  of  1756^  of 
the  fitting  out  of  a  fleet  at  Toulon^  and  that  Minorca  was  supposed  to  be 
the  point  of  destination  of  this  fleet.  After  considerable  delay,  admiral 
Byng  was  sent  out  with  a  fleet  inferior  to  that  of  the  enemy,  and  also 
indifferently  manned;  it  consisted  of  ten  ships  of  war,  without  either 
hospital  or  fire-ship,  although  there  were  at  that  time  more  than  one 
hundred  and  fifty  ships  of  war  in  commission ;  and  it  was  known  to  all 
Europe^  that  the  French  squadron  at  Toulon  consisted  of  thirteen  ships 
of  the  line.  On  the  20th  of  May  an  engagement  took  place  between  the 
two  fleets  off  Minorca,  and  the  result  was,  that  the  English  fEoled  of 
obtaining  a  victory ;  and  admiral  the  Honourable  John  Byng  was  shot  at 
Portsmouth  in  1757,  for  not  doing  his  utmost  towards  taking  or  destroy- 
ing the  French  fleet,  after  a  trial  by  court  martial. 

But  little  further  of  importance  was  accomplished  during  the  remainder 
of  the  year,  or  in  fact  during  the  following  year,  in  Europe.  In  the  East 
Indies,  however,  the  squadrons  were  more  vigorously  and  successfully 
employed.  The  EngUsh  had  been  defeated  at  Calcutta,  and  that  dty 
had  fjEdlen  into  the  hands  of  the  native  Indians.  Admiral  Watson  deter- 
mined on  attempting  to  recover  that  place ;  and  the  small  squadron  under 
his  command  was  directed  to  that  service,  which,  in  connection  with  a 
military  force,  under  colonel  Clive,  was  very  successfully  performed  in  the 
beginning  of  January,  1757. 

In  1758,  sixty  thousand  seamen  and  marines  were  voted  for  the  service 
of  the  navy,  which,  at  that  time,  consisted  of  one  hundred  and  flfty-six 
ships  of  the  line,  and  one  hundred  and  sixty-four  ships  of  war  of  inferior 
rates.  There  were  then  also  on  the  stocks  four  ships  of  74  guns,  two 
of  70,  four  of  64,  six  of  36,  and  ten  of  28. 

The  employment  of  the  fleet  became  more  vigorous  after  the  adminis- 
tration of  the  government  came  into  the  hands  of  Mr.  Pitt.  In  America 
the  English  were  superior  at  sea  to  the  French,  and  aimed  at  recovering 
Louisbourg,  which  had  recently  been  overcome  by  the  enemy.  In  Europe 
the  fleets  of  Great  Britain  were  employed  to  prevent  the  sending  out  of 
a  reinforcement,  by  keeping  a  vigilant  guard  off  the  ports  in  which  fleets 
and  squadrons  were  lying;  and  in  the  Mediterranean,  the  project  of 
sending  out  assistance  was  necessarily  abandoned,  in  consequence  of  the 
defeat  of  the  Toulon  squadron  by  that  under  admiral  Osborne,  on  the 
27th  of  April.  Nor  did  the  preparations,  which  the  French  were  making 
in  the  ports  of  the  Bay  of  Biscay,  escape  the  vigilance  or  the  interference 

•  Campbell,  Vol.  V.,  p.  2. 
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of  the  English ;  several  ships  were  taken^  others  were  driven  on  shore^  and 
a  few  succeeded  in  crossing  the  Atlantic. 

During  the  summer^  the  fleets  were  diligently  employed  against  the 
coasts  of  France;  and  troops  were  landed^  and  having  marched  to  St. 
Malo^  they  destroyed  about  120  ships  and  vessels  which  were  lying  in 
the  harbour^  and  set  fire  to  a  number  of  magazines  and  storehouses.  They 
also  invaded^  and  took  the  town  of  Cherbourg.  Here  they  destroyed  a 
small  number  of  ships  and  vessels  in  the  harbour^  and  also  the  fortifica- 
tionsy  the  basin^  and  other  works  by  which  the  harbour  was  in  the  course 
of  improvement  for  the  accommodation  of  the  French  navy.  A  landing 
of  troops  was  again  effected  in  the  month  of  September^  and  they  destroyed 
a  few  vessels  lying  in  the  harbour  of  St.  Brieux ;  but  in  a  march  of  some 
distance^  to  be  re-embarked^  the  EngUsh  were  overtaken  by  a  French  army, 
and  lost  about  seven  hundred  out  of  their  fourteen  hundred  troops. 

The  recovery  of  Louisbourg  was  the  result,  principally,  of  military  ope- 
rations, since  the  French  had  used  the  best  precautions  they  were  able,  to 
keep  the  English  ships  out  of  the  harbour,  in  which  several  of  their  ships 
were  lying.  Four  ships  of  the  Une  were  burnt,  and  one  was  brought  off,* 
as  were  also  two  firigates. 

In  the  year  1759,  the  English  fleet  in  the  West  Indies  was  employed 
against  such  of  the  French  colonies  as  it  was  thought  desirable  and  prac- 
ticable to  get  possession  of,  and  not  without  some  success.  But  the  grand 
object  towards  which  the  services  of  both  army  and  navy  were  directed, 
was  the  conquest  of  Canada.  In  this  enterprise,  the  fleet  rendered  all  the 
assistance  in  its  power,  whilst  the  taking  of  Quebec  was  principally  a  mili- 
tary achievement. 

A  fleet  from  Toulon  was  defeated  by  Admiral  Boscawen ;  but  still  there 
was  at  Brest  a  considerable  fleet,  and  another  at  Dunkirk.  These  were 
blockaded  by  English  fleets ;  but  the  latter  put  to  sea,  eluded  the  English 
fleet,  and  took  refuge  in  a  port  of  Sweden.  The  former  also  put  to  sea, 
and  was  brought  to  an  engagement  by  the  fleet,  under  the  command  of 
Admiral  Hawke,  who  obtained  an  important  victory,  by  sinking,  capturing, 
or  driving  on  shore  several  of  the  enemy's  ships,  whilst  his  own  fleet  suf- 
fered the  loss  c^  two  ships  which  ran  upon  a  sand-bank,  and  were  lost. 
This  defeat  deprived  the  French  of  the  last  vestige  of  hope  of  being  able 
to  carry  on  successfully  a  maritime  war  with  England ;  and,  according  to 
Voltaire,  the  English  had  never  before  attained  to  so  decided  a  superiority  at 
sea,  as  that  by  which  they  were  now  distinguished.  This  relatively  high 
position  of  the  British  navy  was  not  permitted  to  lead  to  any  relaxation 
of  those  efforts  by  which  this  eminence  had  been  reached.  The  number 
of  seamen  and  marines  voted  for  the  public  service  in  1760,  was  seventy- 
three  thousand;  and  the  sum  of  three  millions  six  himdred  and  forty 
thousand  pounds,  was  granted  for  their  maintenance. 
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At  the  commencement  of  this  year^  the  navy  consisted  of  a  hundred  and 
twenty  ships  of  the  Une^  hesides  frigates^  fire-ships  and  other  smaller  vessels ; 
and  these  were  dispersed  in  strong  forces  over  the  different  quarters  of  the 
world,  where  they  were  employed  in  the  services  which  became  necessary, 
and  with  especial  success  in  North  America^  where  the  appearance  of  a 
squadron  compelled  the  French  to  raise  the  seige  of  Quebec ;  the  conse- 
quence of  which  was^  that  the  whole  of  Canada  came  into  the  posses- 
sion of  the  English.  This  was  the  most  important  acquisition  made 
during  the  war. 

The  French  navy  had  become  so  weakened^  that  few  ships  were  leffc  to 
be  employed;  and  consequently^  no  more  than  six  ships  of  war  were  taken 
by  the  English  during  the  year ;  whilst  more  than  a  hundred  privateers^  and 
armed  merchantmen  were  captured.  In  the  same  year^  the  EngUsh  lost 
two  ships  of  the  line^ — the  Ckmqueror  of  sixty-eight  guns^  only  two  years 
old^  off  the  coast  of  Devonshire ;  and  the  RamUlies  of  ninety  guns,  was 
driven  upon  the  rocks  at  Plymouth,  and  wrecked. 

In  the  midst  of  the  successful  prosecution  of  the  war  in  all  parts  of  the 
world,  the  king  died  suddenly  at  his  palace,  at  Kensington,  on  the  25th  of 
October,  1760.  He  was  succeeded  by  his  grandson  Gteorge  the  third,  the 
eldest  son  of  Frederick  Lewis,  prince  of  Wales,  who  had  died  in  1751. 

The  accession  of  George  the  third  was  not  followed  by  any  immediate 
consequences,  in  prosecuting  the  war;  but  the  same  vigorous  measures 
were  carried  on  in  1761.  The  channel  fleet  was  employed  in  an  expe- 
dition against  BeUe  Isle,  when  that  island  was  reduced.  In  the  East 
Indies,  Fondicherry  was  taken  by  the  fleet,  under  the  command  of  admiral 
Stevens,  after  a  very  obstinate  resistance.  And,  in  the  West  Indies,  the 
island  of  Dominica  was  taken  from  the  French,  whose  possession  of  it  was 
deemed  a  violation  of  the  neutrality. 

The  continual  triumphs  of  the  English,  led  to  proposals  from  France 
for  a  cessation  of  hostilities ;  and  negotiations  were  commenced  in  London, 
for  the  restoration  of  peace,  and  were  carried  on  for  some  time,  until  the 
interference  of  Spain  interrupted  them,  and  indicated  the  proqpect  of  a 
war  with  that  country.  This  occurred  only  in  the  following  year,  after 
negotiation  to  avoid  it  had  been  tried  without  effect. 

When  the  war  with  Spain  broke  out,  in  January,  1762,  the  navy  of  that 
country  consisted  of  eighty*nine  sail,  besides  bomb-ketches  and  fire-ships. 
These,  when  brought  into  combination  with  the  remnant  of  the  French 
navy,  presented  a  formidable  array  of  hostile  power  on  the  sea;  but  by  no 
means  such  as  to  intimidate  Great  Britain. 

The  English  renewed  the  vigour  of  their  exertions  in  carrying  on  the 
war  in  1762 ;  the  naval  operations  began  in  the  West  Indies,  in  the  reduc- 
tion of  Martinique  and  other  of  the  Carribee  Islands,  by  a  fleet  under  the 
command  of  rear-admiral  Rodney,  in  connection  with  land  forces.  Early 
in  March,  another  fleet  sailed  from  England,  under  the  command  of  ad- 
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nural  Focoek^  the  object  of  wliicli  was  to  make  an  attack  ui>on  the  Havan- 
nah.  This,  being  the  centre  of  Spanish  commerce  in  the  West  Indies,  was 
very  strongly  fortified.  The  fleet  appointed  to  serve  against  this  place, 
was  re-inforced  by  a  part  of  rear-admiral  Bodney^s  fleet,  and  now  amounted 
to  nineteen  sail  of  the  line,  eighteen  smaller  vessels  of  war,  and  about  one 
hundred  and  fifty  transports.  The  expedition  fully  accomplished  the  ser- 
vice on  which  it  was  sent :  the  English  gained  possession,  after  a  siege  of 
forty  days,  of  one  of  the  principal  forts ;  and  fix)m  that  time,  their  opera- 
tions were  directed  against  the  city,  the  governor  of  which  was  at  length 
obliged  to  capitulate,  surrendering  the  city,  harbour,  and  twelve  ships  of 
the  line  which  were  lying  there,  to  the  victorious  English. 

The  fleet  in  the  Mediterranean  was  suitably  re-inforced,  that  it  might 
be  able  to  face  the  French  and  Spanish  fleets,  either  separately  or  in  com- 
bination. A  fleet  was  sent  out  to  the  succour  of  Fortugal,  when  that 
country  was  menaced  with  the  vengeance  of  France  and  Spain,  for  not 
uniting  in  their  interests  in  the  war.  The  reduction  of  the  Fhillipine 
Islands  was  the  achievment  of  a  small  expedition,  fitted  out  in  the  East 
Indies,  conducted  by  colonel  Sir  William  Draper  and  admiral  Cornish ; 
but  in  the  siege  by  which  the  possession  of  Manilla  was  obtained,  the 
service  which  the  fleet  performed  was  necessarily,  firom  the  circumstances 
of  the  case,  very  subordinate.  St.  John^s,  in  Newfoundland,  was  recovered 
by  a  small  force  provided  in  North  America;  this  armament  was  fitted  out 
without  any  instructions  being  sent  £rom  England  for  that  purpose ;  and 
the  service  was  performed,  whilst  preparations  were  being  made  in  England 
for  the  same  object. 

Besides  the  expeditions  which  were  undertaken  for  specific  purposes, 
the  Enghsh  had  fleets,  squadrons,  and  single  cruisers,  wherever  their 
services  were  supposed  to  be  capable  of  promoting  the  British  naval  ascen- 
dency. These  fleets,  squadrons,  and  cruisers,  on  their  respective  stations 
in  different  parts  of  the  world,  amoimted  to  more  than  two  hundred  and 
forty  ships  of  war;  and  the  services  performed  by  them,  were  of  the  most 
important  character  in  the  prosecution  of  the  war :  they  captured  eighteen 
ships  of  the  line,  and  twice  that  number  of  frigates  &om  the  French,  who 
had  likewise  fourteen  ships  of  the  line,  and  thirteen  frigates  destroyed. 
The  loss  of  the  Spanish  amounted  to  twelve  ships  of  the  Une,  besides 
frigates,  while  the  English  cruisers  took  also  a  considerable  number  of 
smaller  ships  from  both  the  French  and  Spaniards ;  but  their  own  losses  were 
at  the  same  time  considerable;  thirteen  ships  of  the  line,  and  fourteen 
firigates  were  lost  by  accident,  three  fiigates  were  destroyed,  and  two  cap- 
tured by  the  French.  But  little  more  was  performed  by  the  navy  during 
the  war,  which  was  now  fast  drawing  to  a  close,  and  was  followed  by  the 
treaty  of  Paris,  in  February,  1763,  by  which  France  ceded  Canada,  and 
Spain,  Florida,  to  Great  Britain. 

From  this  time,  the  principal  service  of  British  cruisers  was  that  of 
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haTing  a  vigilant  regard  to  the  occurrences  in  the  West  Indies^  and  on  the 
coast  of  America^  with  a  view  to  compel  the  performance  of  the  conditions 
on  which  the  peace  had  been  established  ;  and  likewise  to  enforce  the  ob- 
servance of  certain  regulations  relating  to  the  commerce  carried  on  be- 
tween the  North  American  colonies^  and  the  West  India  Islands.  This 
latter  service^  performed  with  excessive  rigour^  was  one  of  the  causes  of 
the  discontent  which  led  to  the  unhappy  war  between  Great  Britain  and 
her  colonies. 

It  was  in  consequence  of  the  rapid  decay  of  the  ships  of  the  royal  navy 
during  the  war^  that  in  the  year  1771^  great  attention  was  paid  to  the 
seasoning  of  timber  used  in  ship-building;  and  particular  instructions  were 
given^  with  a  view  to  ensure  greater  durability.  It  was  directed  that 
larger  stocks  of  timber  should  be  laid  up  in  each  of  his  majesty's  dock- 
yards ;  that  the  building  slips  in  each  yard  should  have  ships  set  up  on 
them ;  that  line-of-battle  ships  should  stand  in  frame  to  season^  at  least 
one  year,  before  the  thick-stuff  and  plank  were  brought  on ;  that  firigates 
should  stand  at  least  six  months ;  that  all  thick-stuff  and  plank  should  be 
sawn  out  at  least  one  year  before  it  was  used,  and  stacked  with  battens 
placed  between  the  planks,  for  the  air  to  circulate  freely  between  them ; 
that  the  beam  pieces  should  be  cut  out,  and  be  stowed  on  end,  round  the 
brows  and  standards  of  the  slips ;  and  not  be  used  till  they  should  have 
stood  six  months ;  and  that  all  knees  should  be  sided  as  soon  as  received 
into  the  yards,  and  kept  side  by  side  under  dry  sheds,  with  battens  be- 
tween them.  It  was  likewise  ordered  that,  owing  to  the  scarcity  of  large 
timber,  some  ships  of  the  line  should  be  repaired  with  foreign  oak ;  and 
in  order  to  obtain  greater  durability,  it  was  also  directed  that  no  plank 
should  be  boiled,  except  for  the  bows  and  buttocks  of  ships ;  and  that 
salt-water  only  should  be  used  :  and  in  1788,  with  the  like  object  in 
view,  it  was  directed  that  though  the  frames  had  stood  to  season  the  pre- 
scribed period,  the  ships  nevertheless  were  not  to  be  proceeded  with,  until 
the  whole  of  the  thick-stuff,  plank,  beams,  knees,  &c.,  had  been  seasoned 
for  at  least  six  months. 

Most  of  the  classes  of  new  ships,  from  forty-four  guns  and  under,  had 
had  their  dimensions  increased  during  the  war ;  and  most  of  the  second 
rates  of  ninety  guns,  were  established  with  eight  additional  guns  for  their 
quarter-decks,  which  made  them  ninety-eight-gun  ships.  The  ninety-eight- 
gun  ships,  as  the  Barfleur,  Dukey  Prince  George,  St,  George,  Queen,  Princess 
Royal,  &c.,  built  between  1756  and  1788,  were  in  length  on  the  gun-deck 
177  feet  6  inches,  and  in  extreme  breadth  from  49  feet  6  inches  to  50  feet 
6  inches.  The  ninety-eight  gun  ships  that  followed  these,  launched  be- 
tween 1794  and  1798,  as  the  Drecuinought,  Neptune,  Temeraire,  and  Prince 
of  Wales,  had  their  lengths  of  gun-deck  from  182  to  185  feet,  and  their 
extreme  breadth  from  50  feet  6  inches  to  51  feet  2  inches.  The  Prince, 
of  ninety-eight  guns,  built  in  1788,  was  lengthened  at  Portsmouth,  in  the 
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year  1796;  to  194  feet  6  inclies^  about  Beventeen  feet;  and  the  Ocean, 
launched  at  Woolwich,  in  1805,  had  been  lengthened  on  the  stocks  to 
196  feet  6  inches.  The  Queen,  Blenheim,  and  Namur,  were  reduced  to 
two-deck  ships. 

The  period  of  peace  was  distinguished  by  voyages  of  discovery  towards 
the  antarctic  pole,  with  the  hope  of  discovering  a  continent  which  was  sup- 
posed to  exist  there,  and  for  the  discovery  of  lands  in  the  South  Seas ;  or, 
as  it  was  expressed  in  the  instructions  given  to  commodore  Byron,  who 
commanded  the  first  expedition,  "  there  is  reason  to  believe  that  lands  and 
islands  of  great  extent,  hitherto  unvisited  by  any  European  power,  may  be 
found  in  the  Atlantic  Ocean,  between  the  Cape  of  Gk>od  Hope  and  the 
Magellanic  Straits,  within  the  latitude  convenient  for  navigation,  and  in 
climates  adapted  to  the  produce  of  commodities  useful  in  commerce.'^ 
Another  voyage  was  performed  by  captains  WalUs  and  Carteret. 

From  objects  which  were  purely  geographical,  discoveries  of  a  more 
highly  scientific  character  proceeded,  and  became  associated  with  maritime 
enterprise ;  and  at  length  a  voyage  was  undertaken  into  the  Pacific  Ocean, 
for  the  purpose  of  improving  the  principles  of  navigation,  by  observing  the 
transit  of  the  planet  Venus  across  the  disc  of  the  sun.  Eepeated  expedi- 
tions were  conducted  into  the  Pacific  by  the  same  eminent  officer,  captain 
Cook ;  and  the  spirit  of  nautical  enterprise  received  from  these  efforts  an 
impulse  which  has  never  been  lost.  A  detail  of  these  enterprises  cannot 
be  given  here ;  but  the  results  of  them  have  been  long  since  made  known 
by  the  works  written  expressly  on  those  subjects. 

The  importance  of  preserving  ships^  bottoms  from  the  injuries  to  which 
they  are  constantly  exposed  by  marine  animals,  and  the  loss  of  speed  to 
which  the  accumulation  of  marine  vegetables  subjects  them,  has  at  different 
times  drawn  particular  attention  to  this  subject:  and  various  attempts 
have  likewise  been  made  to  prevent  injury  to  the  bottoms  of  ships  from  the 
different  species  of  worms.  Experiments  have  been  made  at  different 
times  to  protect  them  by  means  of  lead  sheathing ;  especially  in  the  reign 
of  Charles  the  Second,  when  the  experiment  was  made  to  a  considerable 
extent :  as  we  find  that,  in  the  year  1670,  an  act  of  parliament  was  passed, 
granting  to  Sir  Philip  Howard  and  Frauds  Watson,  Esq.,  the  exclusive 
privilege  of  manufacturing  milled  lead  for  this  purpose ;  and  from  that 
time,  to  this  year,  1691,  twenty  ships  were  sheathed  with  lead  of  their 
manufacture,  fastened  to  the  bottoms  of  the  ships  with  copper  nails. 

Although  the  use  of  wood  sheathing  prevailed  generally,  till  a  period 
somewhat  later  than  the  middle  of  the  last  century,  yet  lead  sheathing  was 
not  wholly  discontinued  in  the  British  navy,  till  a  few  years  after  the  in- 
troduction of  copper  sheathing  for  the  same  purpose ;  for  both  the  Marl- 
borough  and  the  Egmont  were  afterwards  sheathed  with  lead.  But  after 
those  ships  had  been  to  sea,  it  was  finally  determined  that  the  metal  was 
not  hard  enough  to  ^idure  long  the  action  of  the  water.    In  the  beginning 
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of  the  year  1770^  when  the  Marlborough  was  examined,  at  Sheemess  and 
Chatham,  the  whole  of  the  sheathing  was  off,  except  a  small  portion  upon 
the  knee  of  the  head,  and  on  the  rudder :  the  bottom  of  this  ship  was  then 
covered  with  wood  sheathing. 

In  connection  with  the  sheathing  of  wood,  several  means  were  used  to 
increase  the  efficiency  of  that  mode  of  protection :  and  although  some  of 
them  were  highly  useful  in  resisting  the  action  of  the  worms,  yet  they  had 
no  tendency  to  check  the  adhesion  and  growth  of  sea-weeds.  Among  them 
may  be  mentioned  the  graving  of  the  bottoms,  or  the  paying  of  them  over  with 
a  composition  prepared  for  that  purpose ;  and  the  filling  of  the  sheathing 
with  nails,  called  filling  nails,  having  large  heads,  so  thickly  driven,  as  to 
form  almost  an  entire  sheathing  additional  to  the  wood.  Several  sorts  of 
graving  were  used  upon  the  bottoms  of  ships ;  one  of  these,  which  was  a  com- 
position prepared  by  Mr.  Lee,  the  master  caulker  of  Portsmouth  dockyard, 
was  found  very  efficacious  in  resisting  the  action  of  the  sea-worm.  It  waa 
made  of  pitch,  tar,  and  brimstone.  This  composition  was  tried  at  Forts- 
mouth  in  1737,  in  comparison  with  the  white  and  black  gravings,  and  other 
preparations  made  by  colonel  Gashry,  captain  Jacob  Bowe,  and  Mr.  Ham- 
mond :  and  it  was  found  that  after  two  years,  the  worm  had  not  penetrated 
Mr.  Lee^s  composition,  whilst  the  others  were  in  various  degrees  destroyed. 
After  this  experiment  had  been  made,  Mr.  Lee's  composition  wsus  generally 
used  for  graving. 

But  none  of  these  means  were  calculated  to  prevent  the  ships  from 
becoming  foul  by  the  adhesion  and  growth  of  barnacles  and  marine  vege- 
tables. It  was  therefore  highly  important  that  something  better  suited  to 
this  purpose  should  be  tried,  that  should  be  sufficient  for  the  preservation 
of  the  ships^  bottoms,  both  from  injury  to  the  plank,  and  obstruction  to 
their  sailing. 

Complaints  were,  however,  still  made,  that  the  worm  continued  to  make 
very  destructive  ravages  upon  the  bottoms  of  ships,  especially  those  em- 
ployed in  the  West  Indies.  This  fisict  was  represented  to  the  admiralty  in 
a  letter  from  the  navy  board,  dated  the  18th  of  October,  1761 :  and  in  the 
same  letter  it  was  proposed  to  make  an  experiment  for  the  preservation  of 
frigates,  to  be  employed  in  the  West  Indies,  by  sheathing  them  with 
"  thin  plates  of  copper.'^  The  lords  of  the  admiralty  therefore,  in  their 
letter  of  the  21st  of  the  same  month,  directed  the  navy  board  to  cause  the 
bottom  of  the  Alarm  thirty-two-gun  frigate,  to  be  sheathed  with  copper,  by 
way  of  experiment.  This  frigate  was  fitted  out  for  the  West  India  station  i 
and  after  a  sufficient  time  had  elapsed  for  the  result  of  the  experiment  to 
be  determined  with  certainty,  the  ship  was  examined,  and  the  sheathing 
was  found  to  have  answered  very  well,  both  in  preserving  the  bottom  from 
injury  by  the  worm,  and  in  keeping  it  comparatively  free  from  the  adhesion 
and  growth  of  marine  vegetables  and  barnacles.  But  after  the  sheathing 
had  remained  on  several  years,  it  was  discovered  that  through  the  connec- 


96  ▲    HISTORY    OF   NAVAL   ARCHITECTURE. 

tion  of  tbe  copper  sheathing  with  the  iron  bolts  in  the  bottom^  and  with 
the  pintles  for  the  rudder^  these  were  so  extensirely  oxidized  as  to  be  in  a 
great  measure  destroyed. 

The  use  of  copper  sheathing  was  subjected  to  further  experiments  upon 
the  Avarora  and  Stag^  to  which  it  was  applied  in  the  summer  of  1769. 
The  Aurora  was  the  second  ship  that  was  sheathed  with  copper;  and  par- 
ticular instructions  were  given  for  performing  this  work.  The  bottom 
was  to  be  breamed^  that  it  might  be  quite  clean  to  receive  the  sheets  of 
copper ;  and  such  expedients  were  ordered  to  be  used  as  were  supposed  to 
be  capable  of  preventing  the  mischief  which  had  been  produced  by  the 
copper  sheathing  on  the  Alarm.  The  means  which  were  used  on  the 
Aurora  to  prevent  oxidation  were^  the  paying  over  all  the  ends  of  bolts 
and  other  iron-work  in  the  bottom,  with  soft  stuff,^  and  covering  them 
with  canvas,  and  then  covering  these  places  with  a  piece  of  very  thin  sheet 
lead.  For  the  protection  of  the  pintles  of  the  rudder,  the  sides  and  back 
of  the  stem-post,  and  the  beardings  of  the  rudder,  were  to  be  covered 
with  sheet  lead ;  and  the  sides  of  the  rudder  with  the  thinnest  sheet  lead 
that  was  used  in  the  dock-yard. 

After  the  copper  had  been  on  nearly  four  years^  the  Stag  was  examined 
very  carefully,  and  the  copper  was  found  to  be  still  an  entire  sheathing, 
although  it  had  become  thin  at  several  parts,  and  at  some  places  it  was 
drawn  a  little  from  the  planks.  On  examining  more  thoroughly  the  state 
of  this  ship's  bottom,  it  was  found  that  the  bolts  were  very  much  oxidized ; 
those  which  passed  through  the  side  were  corroded  to  the  inside  of  the 
timbers ;  but  beyond  this,  the  corrosion  was  not  found  to  extend. 

The  use  of  copper  in  the  navy  went  on  with  rapid  increase ;  and  in  the 
course  of  a  few  years  a  very  large  proportion  of  the  British  navy  was 
sheathed  with  that  metal.  But  as  this  sheathing  became  general,  and  the 
effects  of  it  became  carefiilly  investigated,  it  was  discovered  that  the  extent 
of  oxidation  of  the  iron  bolts  in  ships'  bottoms  was  so  great,  and  its 
progress  so  rapid,  that  within  a  period  of  three  or  four  years,  the  fastenings 
were  injured  so  much,  as  to  render  the  ships  unfit  to  be  sent  on  foreign 
service.  The  intervention  of  different  substances,  to  prevent  the  contact  of 
the  two  metals,  had  failed  entirely  of  protecting  the  iron. 

The  injuiy  to  the  &stenings  of  ships'  bottoms  became  of  so  much  im- 
portance, that,  about  the  year  1783,  the  navy  board  appear  to  have 
seriously  contemplated  the  discontinuance  of  copper  sheathing  to  all  ships 
lying  in  ordinary,  and  to  have  it  applied  to  ships  immediately  before  they 
were  sent  to  sea.  But  in  a  letter,  requiring  the  opinion  of  the  master- 
shipwrights  and  other  professional  officers  of  the  dockyards,  the  use  of 
mixed  metal  bolts  as  fieistenings  for  the  lower  part  of  ships  was  suggested. 
The  suggestion  was  approved  of,  and  the  use  of  mixed  metal  bolts  was 
^— ^^— — ^— ^— .~^— ^■^■^.— — ^"■^— i^^-^-^— ^— ^^^^^■»^~— ^^-i— — — ^— ^^— ~       ■— ^— ^.^^^i^—— i^^— — — — — i^.»»i— — 

*  A  mixture  of  pitoh  and  tar. 
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recommended  by  them^  as  a  means  of  obviating  any  iaconvemeiice«firom 
ships  lying  in  ordinary  with  copper  sheathing  npon  their  bottoms  :  and  in 
August  1783^  it  was  directed  that  mixed  metal  should  be  used  in  forty- 
four-gun  ships  and  smaller  vessels }  and  again^  in  October  of  the  same 
year,  copper  bolts  were  ordered  to  be  used  in  all  classes  of  ships.  The  es- 
timate, at  that  time,  of  the  increased  expense,  through  substitutixig 
copper  for  iron  fastenings,  was,  for  a  first  rate,  £  2272 ;  — '  for  a 


2nd  rate,  90  guns. 

£2018 

5tli  rate,  32  gnns,    £  476 

3rd    ..     74   .. 

1659 

6th    ..     28    ..           890 

•  •           •  •         nJ4      •  • 

1178 

..      ..    24  ..           837 

4th    ..     50    .. 

872 

20   ..           279 

6th    ..     44    .. 

618 

Sloop  ..           210 

36    • . 

528 

Brig    ..           158 

At  this  period,  physical  science  was  not  so  fSeur  advanced,  nor  so  generally 
understood,  as  to  enable  the  officers,  to  whom  this  subject  was  referred, 
to  investigate  the  causes  of  oxidation  with  reference  to  the  elementary 
principles  on  which  it  is  dependent ;  yet  the  general  conclusion,  to  which 
their  observation  led  them,  was  correct ;  that  less  oxidizable  metal>  used  as 
fJEtftenings  of  ships,  would  1%main  good,  notwithstanding  the  copper 
sheathing.  But  the  practical  results  which  had  come  under  their  notice 
did  not  lead  them  to  the  conclusion  which  has  since  been  well  established ; 
tbiBt  two  metals  of  different  oxidizable  tendencies,  placed  in  connection  by 
means  of  a  corrosive  fluid,  wiU  produce  oxidation  in  that  which  is  the 
more  susceptible  of  it^  unless  the  action  be  neutralized  by  some  other 
means ;  and  hence>  that  if  the  copper  sheathing  were  more  oxidizable  than 
another  metal  with  which  it  might  be  connected  in  the  bottoms  of  ships, 
the  sheathing  Would  be  the  first  to  yield  to  the  corrosive  action  that 
would  be  excited* 

The  corrosive  action  was,  however,  in  some  degree  reciprocalj  as  the 
copp^  was  also  subject  to  a  material  loss,  differing  accordlhg  to  circum- 
stances, some  of  which  have  been  so  abstruse  as  to  elude  discovery,  under 
the  most  careful  investigations  that  have  been  been  pursued^  The  waste 
in  the  sheets  of  copper,  rendering  this  means  of  preserving  ships  very 
expensive,  has  always  been  much  felt.  But  the  constant  waste  went  on, 
and  no  means  were  used  for  arresting  its  progress;  for  the  subject  was 
not  investigated  in  the  light  of  modem  science  until  the  year  1823. 

At  that  time  the  government  requested  the  advice  of  the  president 
and  members  of  the  Royal  Society,  as  to  the  best  method  of  manufieu;- 
turing  copper  for  the  sheathing  of  ships>  or  of  preserving  it  from  corrosion 
upon  their  bottoms.  Sir  Humphrey  Davy  undertook  the  inveertigation  of 
this  subject,  and  the  results  of  it  were  communicated  to  the  Boyal  Society 
as  they  were  developed. 

The  results  of  the  series  of  experiments  which  the  nature  of  his  inquiry 
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rendered  it  necessary  he  shonld  make^  led  him  to  the  conclusion  that 
electro-chemical  action  was  the  chief  cause  of  destruction  to  the  copper 
sheathing  of  ships ;  and  hence  the  means  of  diverting  that  action  from  the 
copper  became  the  direct  object  of  inquiry.  The  idea  of  the  electrical 
states  of  several  other  metals  in  relation  to  that  of  copper^  presented  itself 
to  him ;  and  he  discovered  that  if  copper  were  rendered  electro-positive 
by  the  contact  of  some  metal  more  easily  oxidizable  than  itself^  as  zinc  or 
iron^  that  metal  would  divert  the  action  from  the  copper,  and  preserve  it 
from  corrosion.  It  then  remained  only  to  apply  this  principle  to  the 
subject  of  inquiry.  The  selection  of  the  most  suitable  metal  for  the  pur- 
pose, the  relative  proportions  of  its  contact  with  the  sheathing,  and  the 
form  in  which  it  should  be  applied  in  that  contact,  were  points  to  be 
determined. 

As  to  the  adaptation  of  material  for  protection,  it  was  ascertained  in  the 
course  of  the  experiments  that  cast-iron  most  effectually  preserved  copper 
from  destruction  in  sea-water.  The  proportion  of  the  copper  which  should 
be  in  contact  with  the  protector,  might  vary  between  ^th  and  Trrrth  of 
its  surface ;  and  an  order  of  the  7th  of  June,  1824,  directed,  that  the  sur- 
face of  the  protectors  in  contact,  should  be  -^th  of  the  surface  of  the 
copper.  The  form  in  which  the  protectors  were  applied  was  in  bars, 
'^  six  inches  wide  at  their  base,  three  inches  in  thickness  at  their  centre, 
and  in  outward  form,  the  segment  of  an  extended  circle,^'  placed  horizon- 
tally in  midships  about  three  feet  below  the  surface  of  the  water.  On 
the  keel  they  were  ^'  in  a  line  with  these,*'  and  they  were  continued  as 
far  towards  the  extremities  of  the  ship  as  the  form  of  the  bow  and  stem 
would  admit  of  the  bars  lying  flat  upon  the  surface  of  the  copper.  In  . 
putting  the  copper  on  the  bottoms  of  ships  fitted  with  these  protectors, 
greater  care  was  to  be  taken,  to  obtain  the  certainty  of  contact  of  the 
edges  of  the  copper  sheets,  which  was  requisite  to  the  perfect  transmission 
of  the  voltaic  action.  A  subsequent  order,  however,  for  applying  the  pro- 
tectors to  ships,  states  that  Sir  H.  Davy  had  found  the  proportion  of  the 
cast-iron  to  be  too  great ;  and  it  was  therefore  ordered  that  only  T-f^th  of 
the  surface  of  the  copper  should  be  in  contact  with  the  protectors ;  and 
that  the  form  of  these  should  be  altered,  so  that  whilst  the  base  should  be 
still  six  inches  in  breadth,  the  greatest  thickness  shonld  not  be  more  than 
two  inches,  being  stiU  the  segment  of  a  circle ;  and  orders  were  given, 
that  all  ships  taken  into  dock  should  have  these  protectors  applied  to 
them. 

As  far  as  the  protection  of  the  copper  was  contemplated,  the  expecta- 
tions of  the  inventor  were  fiilly  realized.  For  when  the  copper  on  these 
ships  was  subsequently  taken  off  and  the  sheets  weighed,  they  were  found 
to  have  been  subject  to  "  little  or  no  loss''  —  proving  that  galvanic  ac- 
tion was  the  principal  cause  of  the  destruction  of  copper  on  ships'  bottoms, 
and  the  truth  of  the  principle  on  which  the  means  of  protection  had  been 
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selected  and  applied.  But  there  was  soon  discovered  an  inconvenience 
incident  to  the  use  of  these  protectors^  unforeseen  in  its  character,  and 
most  material  in  its  consequences.  The  ships  became  dull  sailers ;  and 
on  examination,  it  was  found,  that  this  was  caused  by  a  vast  accumulation 
of  shell-fish,  marine  insects,  and  vegetables  all  over  the  bottom.  As  no 
means  were  known  to  prevent  such  an  effect,  in  connection  with  this 
method  of  preserving  the  copper,  the  use  of  these  protectors  was  ordered 
to  be  discontinued  on  all  ships  in  commission;  but  to  be  continued  on 
ships  lying  in  ordinary ;  but  when  the  sheathing  of  these  ships  was  ex- 
amined, it  was  found  to  be  in  a  worse  condition  than  that  on  the  ships 
which  had  been  at  sea;  and  the  shell-fish  adhered  so  firmly,  that  the 
copper  was  injured  in  separating  them  from  it.  Hence,  the  protectors 
were  ordered  to  be  discontinued  altogether,  with  respect  to  a^  his  majesty^a 
ships,  as  well  those  lying  in  harbour,  as  those  employed  in  sea-service. 

Many  cases  having  come  under  the  immediate  notice  of  the  author,  of 
ships  both  from  foreign  stations  and  in  different  circumstances  in  our  own 
harbours,  upon  which  the  copper  had  sustained  great  loss;  and  various 
experiments  having  been  made  on  copper  taken  from  such  ships  to  deter- 
mine, by  analysis,  its  quality ;  and  the  different  portions  of  copper  being 
found  to  be  equally  pure,  it  appeared  to  him,  that  the  cause  of  greater 
wear  in  some  cases  in  comparison  with  others  was  friction,  rather  than  any 
chemical  action ;  the  effect  of  which  might  be  limited  by  circumstances, 
so  as  to  destroy  one  part  of  a  ship^s  copper  more  than  another  part.  He 
had  been  led  to  this  conclusion,  by  observing,  that  the  more  pi^ominent 
parts  of  the  copper  were  the  most  acted  on ;  but,  upon  examining,  some- 
time ago,  the  copper  taken  from  the  bottom  of  a  ship  which  had  been  on  a 
foreign  station,  there  were  found  under  some  of  the  barnacles  which  adhered 
to  it,  large  deposits  of  muriate  of  lime ;  and  where  these  deposits  were  found, 
the  copper  had  been  corroded  through.  Hence,  he  considers,  that  the 
chief  cause  of  the  rapid  destruction  of  copper  in  those  seas  where  coralline 
substances  abound,  and  where  there  is  probably  the  greatest  quantity  of 
the  muriate  of  lime,  is  the  same  as  that  which  was  detected  upon  the  ship 
mentioned. 

Hitherto,  the  investigations  of  our  most  eminent  chemists,  have  failed 
in  accounting  for  the  rapid  wear  of  copper  in  many  cases.  The  principal 
cause  of  the  rapid  corrosion  of  copper  has,  it  is  thought,  been  generally 
overlooked,  viz.,  the  want  of  due  attention  in  the  smelting  and  refining 
processes ;  so  that  the  various  foreign  substances  that  are  combined  with  the 
ore,  such  as  antimony,  sulplmr,  iron,  &c.,  are  not  entirely  extracted  from 
the  metal.  Were  the  operation  of  refining  more  completely  performed, 
old  copper  might  be  rendered  preferable  to  new,  by  proper  attention  during 
the  process  and  care  in  polling,  as  at  each  time  of  being  melted,  it  under- 
goes, with  this  care,  an  additional  refining  process.  But  the  various  effects 
of  the  different  degrees  of  hardness  in  the  metal,  may  yet  be  referred  to^ 

H   2 


100  A    HISTORY    OF   NAVAL   ARCHITECTURE. 

for  eluddating  some  of  the  difficulties  of  this  subject ;  and  the  ores  from 
which  the  metal  is  reduced^  may  become  the  subject  of  careful  aud  successfiil 
investigation.  It  is  well  known  to  some^  whose  attention  has  been  closely  di* 
rected  to  this  subject^  that  the  hard  and  cold-roUed  copper  is  more  durable, 
and  is  kept  clean  longer,  in  consequence  of  its  being  brought  into  a  more 
uniform  degree  of  hardness,  and  therefore  into  a  more  equally  oxidizable 
state;   in  which,  consequently,  it  is  less  liable  in  itself  to  galvanic  action* 

The  American  war  broke  out  in  1 774.  For  a  considerable  time  the  means 
of  that  country  seemed  little  calculated  to  cairy  on,  successfully,  a  contest  with 
so  powerful  a  nation  as  England.  Its  resources  for  successful  resistance  to 
the  government  of  the  mother  country,  however,  were  gradually  developed ; 
and  the  English,  who  appear  to  have  formed  at  first  too  low  an  estimate 
of  the  power  of  the  Americans,  at  length  found  that  they  were  engaged 
with  a  most  formidable  antagonist.  **  The  whole  of  its  state  marine,''  says 
Chamock,  ''even  after  the  war  had  continued  for  a  considerable  space  of 
time,  amounted  to  no  more  than  ten  or  twelve  frigates,  including  some 
vessels,  which  were  scarcely  entitled  to  so  high  a  rank.''  But  the  Ame- 
rican frigates  were  excellent  vessels  in  point  of  sailing ;  and  so,  peculiarly 
adapted  to  the  existing  circumstances  of  the  country  at  that  time. 

When  the  British  government  entered  more  vigorously  into  the  proseca« 
tion  of  the  war,  a  hu^  number  of  cruisers  was  stationed  on  the  coast  of 
North  America;  but  the  course  of  the  war  was  not  much  diversified  by  the 
services  they  performed,  nor  was  it  possible  that  it  could  become  a  naval 
war.  The  British  fleet  was  chiefly  auxiliary  to  the  army ;  and  in  that  sub- 
ordination, and  occasionally  in  distinct  service,  it  served  until  the  close  of 
the  war,  when  the  independence  of  America  was  acknowledged,  in  1782. 

But  before  this  event  occurred,  the  convention  between  the  king  of 
France  and  the  people  of  North  America,  in  1778,  and  the  formal  an- 
nouncement of  that  convention  by  the  Marquis  de  Noailles,  led  imme- 
diately to  a  war  with  France :  and  very  active  measures  were  forthwith  put 
into  operation  to  prosecute  the  war  with  vigour.  The  navy  was  said  to  be 
rendered  available  with  great  dispatch,  by  the  fitting  out  of  great  numbers 
of  ships;  for  the  statements  made  by  government,  informed  the  nation  that 
there  was  soon  in  commission  a  very  formidable  force,  consisting  of 
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Very  little  important  service  was,  however,  performed  by  the  fleets 
during  the  year.  A  general  engagement  took  place  on  the  27th  of  July 
between  the  channel  fleet,  under  admiral  Keppel,  and  the  French  fleet, 
which  had  been  fitted  out  at  Brest ;  it  lasted  three  hours,  and  they  sepa- 
rated without  any  apparent  advantage  having  been  gained  on  either  side ; 
whilst  the  victory,  gained  by  neither,  was  claimed  by  both. 

In  1779  England  suffered  the  loss  of  the  islands  of  St.  Vincent  and 
Granada  by  the  French  fleet,  in  the  West  Indies,  whilst  the  admiral 
who  commanded  it  cautiously  avoided  a  general  engagement  with  the 
English. 

Spain  became  confederate  with  France  in  the  war  in  1780,  having  put 
her  navy  into  a  condition  suited  to  the  services  such  an  event  would 
require.  The  fleets  of  France  and  Spain  were  brought  together,*  and, 
entering  the  channel,  where  they  remained  several  days  without  a  fleet  to 
engage  them,  threw  the  country  into  a  violent  alarm,  as  an  invasion  was  ap- 
prehended. Nothing,  however,  appears  to  have  been  attempted;  and 
when  the  English  fleet  returned  to  the  channel,  although  it  amounted  to 
otfly  thirty-nine  sail  ol  the  line,  besides  frigates,  whilst  the  combined  fleet 
consisted  of  sixty-four  ships  of  the  line,  four  of  60,  and  one  of  54  guns, 
besides  a  considerable  number  of  frigates  and  smaller  vessels,  no  very 
great  effort  appears  to  have  been  made  to  bring  on  an  engagement. 
Nothing  else  on  a  large  scale  was  attempted  during  the  year. 

Gibraltar  was  now  enduring  a  severe  siege;  and  in  the  beginning  of 
1781,  Sir  George  Eodney,  whilst  conveying  relief  to  the  garrison  there, 
fell  in  with  a  Spanish  squadron,  which  he  chased.  In  the  engagement  off 
Cape  Saint  Vincent,  four  ships  of  the  line  were  taken, — ^two  others,  which 
had  struck,  were  driven  ashore,  and  one  70  gun  ship  blew  up ;  whilst  only 
four  line  of  battle  shipsj^  and  the  two  frigates  in  their  company  escaped* 
Admiral  Rodney  proceeded  to  take  his  station  in  the  West  Indies  after  he 
had  conducted  his  charge  safely  to  Gibraltar :  and  having  arrived  there,  he 
exercised  a  very  active  command ;  but  without  being  able  to  gain  any  im- 
portant advantage  over  the  French  fleet,  the  admiral  of  which  was  unwilling 
to  hazard  the  consequences  of  a  general  engagement. 

The  recovery  of  Gibraltar  was  a  principal  object  aimed  at  by  Spain,  in 
the  part  that  country  took  in  the  war.  There  was  now  little  prospect  of 
accomplishing  this,  unless  relief  could  be  excluded  from  the  garrison,  which 
by  the  end  of  1780,  was  reduced  almost  to  an  extremity.  The  first  employ- 
ment of  the  navy  in  Europe,  in  1781,  was  therefore  to  send  relief,  under 
the  convoy  of  the  best  fleet  that  could  be  fitted  out  for  that  service ;  this  it 
successfully  performed,  although  there  were  lying,  both  at  Brest  and  Cadis, 
fleets  whose  object  was  known  to  be  to  prevent  the  accomplishment  of  such 
a  service. 

The  fleet  under  the  command  of  admiral  Bodney,  in  the  West  Indies, 
having  been  unsuccessful  in  its  endeavours  to  bring  the  French  fleet 
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under  the  command  of  admiral  the  Count  de  Grasse  to  a  general  engage- 
ment^  sailed  at  length  to  the  coast  of  North  America^  to  render  assistance 
to  the  colonies.  A  re-inforoement  was  then  sent  by  Sir  Gteorge  Rodney 
to  the  fleet  occupying  the  West  India  station ;  and  a  general  action  took 
place  between  the  two  fleets ;  but  it  ended  indecisively. 

Instructions  having  been  sent  out  to  admiral  Rodney^  for  the  fleet 
under  his  command  to  be  employed  against  the  Dutch  settlements  in 
the  West  Indies,  St.  Eustatia,  and  other  islands  were  taken  by  the  En. 
glish.  They  were  now,  therefore,  engaged  in  hostilities  with  a  people 
who  had  formerly  proved  themselves  to  be  the  most  formidable  enemies 
Britain  had  upon  the  ocean ;  and  their  character  was  soon  found  not  to 
have  been  lost. 

The  war  was  distinguished,  in  1782,  by  the  great  victory  gained  in  the 
West  Indies  by  Sir  George  Rodney  over  the  French  fleet,  commanded  by 
the  Count  de  Grasse,  who  sustained  a  complete  defeat,  and  was  himself 
taken  prisoner:  and  the  naval  performances  in  the  East  Indies,  of  the 
English  fleet  against  the  French,  were  distingmshed  for  the  great  skill  and 
bravery  displayed  on  both  sides ;  such  that  neither  admiral  could,  in  four 
general  actions,  gain  an  advantage  over  the  other. 

At  the  end  of  the  year  1782,  the  number  of  ships  and  vessels  in  com* 
mission  in  the  British  navy,  was  only  three  less  than  the  amount  of  the 
navies  of  France,  Spain,  and  Holland.  The  following  list  from  "  Campbell^s 
lives  of  the  Admirals,^'  will  show  the  naval  power  each  of  these  nations  had 
in  its  service  at  this  period. 


VBICRirTIOIf  OV  ▼■■SBX.8. 


Ships  of  the  line 
Fifty-gun  Ships 
Large  Frigates     . 
Small  ditto      . 
Sloops 
Cutters    . 
Armed  Ships 
Bombs     •        » 
Fire-ships    • 
Yachts     . 


Total     . 


Great 
Britain. 

France. 

Spain. 

RoDand. 

105 

89 

53 

32 

13 

7 

3 

0 

63 

49 

12 

1    .o 

69 

54 

36 

^28 

217 

86 

31 

13 

43 

22 

0 

0 

24 

0 

0 

0 

7 

5 

14 

0 

9 

7 

11 

6 

5 

0 

0 

0 

555 

319 

160 

79 

There  were  few  naval  events  of  much  interest  in  1783 ;  a  year  which 
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opened  with  the  prospect  of  peace,  and  which  witnessed  the  restoration  of 
it  amongst  all  the  powers  that  had  been  engaged  in  the  war  with  Great 
Britain. 

During  the  early  part  of  the  American  war,  there  were  few  ships  of  the 
large  classes  built.  In  the  years  1776  and  1777,  only  a  small  number  ot 
the  ships  which  were  introduced  into  the  British  navy,  were  above  the 
sixth  rate ;  but  as  the  war  advanced,  the  number  of  ships  of  the  su- 
perior classes  which  were  launched,  gradually  increased  :  still,  as  the 
energy  of  the  nation  was  not  exerted  until  war  was  declared  against 
France,  so  neither  were  the  resources  of  production  for  carrying  on  the 
war  tried,  until  it  assumed  a  more  formidable  character.  To  the  continued 
building  of  small  ships  for  cruising  on  the  coast,  was  then  added  the  build- 
ing of  ships  of  the  line ;  and  when  peace  was  concluded,  there  were  many 
ships  of  war  in  progress  of  building,  both  in  the  royal  dockyards,  and  in 
private  yards.  These,  as  they  were  launched,  during  the  several  years 
that  peace  prevailed,  produced  a  constant  increase  of  the  navy,  which 
was  very  considerable,  in  ships  of  the  line,  besides  those  of  inferior  rates 
which,  however,  were  not  very  numerous. 

The  variations  which  were  made  in  the  dimensions  of  ships  of  the  line 
within  about  thirty  years,  may  be  seen  by  the  following  examples : 


Date. 

Name. 

No.  of 
Ginu. 

100 

Lengtboa 
Gun-deck 

Length  of 
keel. 

Extreme 
breftdth. 

Bepth  in 
hold. 

Burthen 
in  tons. 

Proportion 

of  breadth 

to  length, 

as 

1756 

Royal  George    . 

Feet 

178 

Ins. 
0 

Feet.    Ins. 
143     5i 

Feet  Ini. 

51  n 

Feet  Ins. 
21     6 

2041 

1 :  3.43 

1788 

Royal  George    . 

100 

190 

0 

156     2f 

52     5^ 

22     4 

2286 

1 :  3.62 

1759 

Sandwich      .     . 

98 

176 

1 

145     8 

49     U 

20  Hi 

1869 

1 :  3.59 

1788 

Prince.     .     .     . 

98 

194 

6 

163    6 

49     0 

21     0 

2088 

1 :  3.97 

1757 

Norfolk    .     .     . 

74 

165 

6 

134     4i 

46     8 

19     9 

1556 

1 :  3.54 

1787 

Swiftsure .    •    . 

74 

168 

9i 

137  llf 

47    0 

19     91 

1621 

1 .  3.59 

1760 

Essex  .... 

64 

158 

U 

129    6| 

44    8f 

18  10 

1379 

1 :  3.53 

1783 

Stately.    .    .    . 

64 

160 

0* 

131     7 

44    6i     19     0 

1389 

1:  3.6 

In  1780  the  Minerva,  a  thirty-eight  gun  frigate,  was  launched;  —  she 
was  the  first  ship  of  that  class  that  was  built  in  England.  Two  ships  of  that 
class  had  been  taken  firom  the  French, — the  Danae  in  1759,  and  the  Pru- 
denie  in  1779;  the  first  of  these  was  forty-four  tons  larger  than  the  other, 
— ^measuring  941  tons;  and  the  Minerva  measured  938^  tons.  The  For- 
tunee  of  the  same  rate  was  captured  in  1780;  and  her  principal  dimen- 
sions^ as  given  by  Chamock,  are  shewn  with  the  other  three  already  men- 
tioned. 


104 


A   HISTOBT  OV  NAVAI.  AaCHITBCTVRli 


IJiNOTH. 

NAMB8. 

ExtraoM 
BitMlth. 

Depth  in 
Hold. 

Burthen  in 
Tona. 

PiOMrtion 

oflnrwulth 

tolenffth,M 

On  the 
Onn-deek. 

OftbeKeeL 

Ft.  Ini. 

Ft.    Ivfl. 

Ft.  Int. 

Ft.    Int. 

t 

DaBM  . 

147  6 

123  11 

37    9i 

11    4i 

641 

1:3*9 

Piudente  •           • 

136  0 

118  11 

37    9{ 

10  10 

to? 

1 }  3-69 

141  0 

117    08 

38  10 

13    9 

iBsa 

l:3-«3 

Foito&ee             ^ 

1 

143  6 

124    6i 

87  10 

12    2i 

948        1 : 3'7» 

Four  other  ships  of  the  same  class, — ^the  Arethusa^  Latona,  Phaeton, 
and  Thetis,  were  built  within  the  two  following  years,  varying  but  little  in  , 
dimensions  and  burthen.  Frigates  of  tins  class,  having  been  once  intro- 
duced into  the  British  i^tvy,  were  approved ;  and  they  came  into  general 
vuse  after  the  war  l^roke  out  between  ISngland  and  the  French  republic; 
but  their  tonnage  was  the;ii  increased ;  and  those  which  were  built  after 
1794  generally  exceeded  1000  tons  in  burthen.  Assorted,  in  point  of 
time,  with  the  introduction  of  the  thirty-eight  gun  fiigate,  was  the  revival 
of  the  use  of  that  of  thirty-six  guns.  Several  ships  of  this  dass'were  cap-» 
tured  from  the  French  and  Spaniards  in  1779  and  1780;  the  hu^est  of 
those  taken  from  Spain  being  992  tons :  and  those  which  were  afterwards 
built  in  England,  down  to  1784,  varied  in  burthen  between  869  and  890 
tona.  After  this  period,  the  length  of  this  class  of  ships  was  considerably 
increased^  which  raised  their  burthen  to  930  tons,  on  an  average :  a  few 
only  of  tl^at  dass  were  b\ult  during  the  period  of  the  peace.  From  the 
time  the  genera}  peace  was  concluded  in  )783  till  the  wajr  b^oke  ou,t  in 
1793,  the  British  navy  was  called  into  litt}^  service  that  suppUea  interest 
to  history ;  and  was  subject  to  few  casualties  of  material  importance. 

By  this  time  ^the  navy  of  France  had  beeu.  improved,  and  it  was  now  in 
a  respectable  coxidition,  consistiog,  accordii^  to  our  Naval  Historian,*  of 
eighty  ships  of  the  liae,,  in  a  serviceable  condition,  at  the  beginning  of  the 
year  1798;  and  of  seventy-nine  frigates  from  forty-four  to  twenty-eight 
guns,  in  various  conditions.  Fourteen  of  the  ships  of  the  line,  Atid  seYcn 
of  the  frigates  were  new  ships. 

The  building  of  ships  was  carried  on  throughout  that  period ;  ana  as  the 
character  of  the  navies  of  France  and  Spain  was  such  that  they  could 
be  met  on  equal  terms  only  by  a  large  number  of  British  ships  of  thu  line, 
so  the  building  of  large  ships  during  the  peace  was  made  to  increase  the 
capabilities,  and  improve  the  condition  of  the  British  navy,  against  the  emer- 
gencies for  which  it  was  apprehended  it  might  be  required. 


*  James's  Naval  Qistoiy,  YoL  I.  pp.  641-3^ 
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The  following  list  given  in  "  Derrick's  Memoirs/'  will  show  the  "  State 
and  Condition  of  the  Navy  on  the  1st  December  1792/' 


RATES  OR  CLASSES. 

Guns. 

.9  g| 

Hi 

In  went  of  re- 
pair. 

1 
i 

m 
t 

Building  or 

ordered  to  be 

built. 

• 

1 

Ivirst  •     9     •     « 

110 
100 

5 

— 

— 

2 

2 
5 

Second   •    •    • 

98&90 

11 

2 

2 

— 

5 

1 

21 

Third      ,     •     • 

80 

1 

— 

— 

2 



3 

76 

— 

1 

— 

— 

1 

74 

30 

9 

21 

-T- 

3 

6 

69 

64 

16 

1 

22 



— 

— 

39 

Fourth   •     • 

60 

— 

— 

I 

— 

— 

— 

1 

52 

— 

— 

1 



— :r 

— 

1 

50 

2 

5 

7 



3 

2 

19 

imh.    .    .    . 

44 
40 

8 
I 

1 

11 

^^^ 

-^ 

1 

21 

1 

38 

3 

1 

2 



— 

1 

7 

36 

7 

2 

3 



— 

2 

14 

32 

14 

10 

15 

1 

3 

7 

50 

Sixth,     .     .     . 

28 

3 

7 

15 



— 

3 

28 

24 

-r- 

3 

2 



— 

1 

6 

22^20 

1 

1 

5 



— 

— 

7 

12 

— — 

1 

— 

— 

"— 

— 

1 

Total  . 

102 

43 

108 

1 

18 

•   24 

296 

Total  number  brought  down,  296 

Sloops  rigged  as  ships 30 

„        „       asbrigs 

Brigs 

Surveying  vessel 

Bombs 

Fireships 

Storeships 

Armed  vessel 


11 
6 
1 
2 
9 
2 
1 


Carried  forward  858 
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Brought  forward  358 

Anned  tender 1 

Tenders             4 

Vessels  rigged  as  sloops 2 

Cutters     . 19 

Armed  schooners 3 

Hospital  ship 1 

Yachts 11 

Hoys,  lighters  and  transports     ....  50 

Receiving  ships 16 

Hulks 10 


General  Total     .      475 

And  as  two  of  the  ships  under  the  head  of  ^'  Building  '^  were  then  fin- 
ished, there  were  seventy-seven  ships  of  the  line  at  that  time  '^  lying  up  in 
good  condition,  at  sea,  or  in  commission  for  sea  service,  or  on  the  stocks 
completely  ready  for  launching ;  besides  seven  under  repair,  some  of  which 
were  in  a  state  of  forwardness.'** 

This  was,  therefore,  nearly  the  state  in  which  the  British  navy  stood 
when  the  war  of  the  revolution  broke  out  in  the  beginning  of  the  year  1793. 

In  December  1790,  the  Hibemia  of  110  guns  was  ordered  to  be  built  at 
Plymouth,  and  the  Vtlle  de  Paris  of  110  guns  at  Chatham.  These  were 
the  two  first  ships  mounting  110  guns  built  in  England.  The  Hibemia 
was  launched  in  1804,  and  the  Ville  de  Paris  in  1795 ; — ^the  dimensions  of 
these  two  ships  were  as  follows :  — 

Buithen 
Length  on  gun  Deck.       Breadth  Extreme.  Depth  in  Hold.  in  Tons. 

Hibemia 201  ft.  2  in.         53  ft.  1  in.         22  ft.  4  in.         2508. 

Ville  de  Paris    192..  2..         53  . .  2i. .         22  . .  2^. .         2351. 

And  their  armament  was  established  to  carry  on  the  lower-deck,  thirty 
32  poimders ;  middle-deck,  thirty  24  pounders ;  on  the  upper-deck,  thirty- 
two  18  pounders ;  and  on  their  quarter-deck  and  forecastle,  eighteen  12 
pounders  :  whereas, the  Britannia,hmlt  in  1762,  the  Royal  Sovereign  built 
in  1786,  and  the  Royal  George ,  built  in  1788,  each  carried  100  guns ;  they 
had  on  their  lower-deck,  twenty-eight  42  pounders ;  on  their  middle-deck, 
twenty-eight  24  pounders;  on  their  upper-deck,  thirty  12  pounders;  and 
on  their  quarter-deck  and  forecastle,  from  twelve  to  sixteen  12  pounders. 
This  armament  for  100  gun  ships,  appears  to  have  been  proposed  in  1716, 
—except  that,  till  the  year  1 762,  they  had  firom  twelve  to  sixteen  6  pounders 
on  their  quarter-deck  and  forecastle.  The  Royal  Sovereign  was  changed 
from  42  to  32  pounders  on  the  lower-deck  in  1793,  while  some  of  the 
ships  of  100  guns  continued  the  42  pounders  on  their  lower-decks  till  1804 ; 


*  Derrick,  p.  198. 
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but  soon  after  this^  the  whole  were  exchanged  for  32  pounders^  and  guns 
of  this  size  were  found  to  be  loaded  and  worked  much  quicker^  and  to  a 
greater  advantage  in  action. 

In  1792,  Sir  William  Rule,  then  surveyor,  added  to  the  navy,  by  the 
launch  of  the  Acasta,  one  of  the  largest  frigates  built  in  England.  The 
Acasta  mounted  forty  guns :  thirty  18  pounders  on  the  main-deck,  and  on 
the  quarter-deck  and  forecastle,  ten  9  pounder  long  guns,  which  remained 
until  carronades  were  introduced ;  when  she  was  armed  on  the  quarter- 
deck and  forecastle  with  four  9  pounder  long  guns,  and  sixteen  carronades 
of  32  pounds.  This  ship  was  intended  to  take  the  place  of  the  forty-four 
gun  ships  on  two  decks.  Her  dimensions  were  as  follows :  length  on  deck, 
154  feet ;  breadth  extreme,  40  feet  9§  inches ;  depth  in  hold,  14  feet  3 
inches;  and  burthen  in  tons,  1142.  Sir  John  Henslow  next  followed,  in 
the  launch  of  the  Cambrian,  in  1797. 

Many  statements  and  opinions  bearing  a  highly  important  relation  to 
the  interests  of  the  navy,  and  embracing  those  interests  on  a  very  com- 
prehensive scale,  were  given  on  different  occasions  by  Mr.  Snodgrass,  who 
had  been  many  years  surveyor  of  shipping  to  the  Honourable  East  India 
Company ;  —  as  in  his  evidence  before  a  committee  of  the  House  of  Com- 
mons in  1771,  in  his  evidence  before  the  commissioners  of  land  revenue 
in  1791,  and  in  a  letter,  in  1776,  to  the  Right  Hon.  Henry  Dundas,  one 
of  the  secretaries  of  state,  and  president  of  the  board  of  commissioners 
for  the  affairs  of  India.  As  his  observation  had  been  very  extensive,  and 
as  his  opinions  were  generally  sound  deductions  from  his  experience,  ob- 
servation, and  comprehensive  knowledge,  and  are  therefore  still  interesting,  a 
digested  view  of  his  most  important  remarks  are  here  presented  to  the  reader. 

We  will  notice,  first,  his  opinion  of  the  capabilities  of  the  country  to  sup- 
ply timber  for  the  service  of  the  navy.  He  considered  that  the  forests 
and  crown  lands  could,  in  the  course  of  thirty  or  forty  years,  be  made  to 
yield  a  sufficient  quantity  of  oak-timber  to  meet  the  constant  demands  of 
the  dockyards  for  this  article;  or  if  such  should  not  be  the  case,  he  re- 
commended the  purchase  of  waste  lands  consisting  of  clayey  soil,  and  the 
planting  of  them  with  timber  trees,  allowing  in  every  case  the  trees  to 
reach  their  maturity  before  they  were  felled.  And  he  gave  it  as  his 
opinion,  that  there  were  sufficient  lands  lying  within  forty  or  fifty  miles 
of  water-carriage  in  the  different  counties,  to  yield  such  a  produce  of  ship- 
building timber,  if  the.  whole  should  be  managed  to  good  advantage,  as  to 
render  England  permanently  independent  of  foreign  countries  for  the 
supply  of  this  material.  It  is  a  matter  of  regret  that  his  views  on  this 
important  subject  did  not  lead  to  more  extensive  practical  results  :  but  it 
is  highly  probable  that  they  led  to  the  forming  of  more  comprehensive 
views  relating  to  the  native  production  of  timber,  than  might  otherwise 
have  been  entertained  by  the  commissioners  of  woods  and  forests. 

For,   according  to    the   report  of  the   commissioners  of  woods  and 
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forests  in  Juue  1812,  the  expense  of  enclosing,  planting,  &c.,  gronnd  for 
the  growth  of  timber,  would  be  about  £5  an  acre.  It  was  also  stated, 
that  eighty  oak  trees  might  grow  on  an  acre.  The  estimate  of  expense,  is 
not,  however,  quite  correct ;  for  the  expense  of  enclosing  would  diminish,  as 
the  quantity  of  land  enclosed  became  greater.  It  would  be  found  too,  that  a 
large  oak  of  sixty  years'  growth  would  require  eighty-eight  square  yards ;  and 
the  quantity  of  timber  which  trees  of  this  age  bear,  on  an  average,  is  from 
sixty  to  seventy  feet.  Taking  this,  now,  as  data,  and  the  average  meet- 
ings to  be  worth  about  £7  per  load,  it  would  result,  that  after  deducting 
from  the  proceeds  the  expense  of  planting,  admitting  the  first  outlay  to 
have  been  £5  per  acre,  that  of  repairing  fences,  &;c.,  and  allowing  for  the 
value  of  rent,  the  annual  profit  would  be  £8  on  each  acre,  continued 
through  sixty-five  years. 

In  making  this  estimate,  it  is  supposed  that  the  trees  will  be  at  first  a 
yard  apart,  and  thinned  every  ten  years, — ^yielding  poles,  small  timber, 
bark,  &c.,  of  the  value  of  £240 ;  and  finally,  at  the  end  of  sixty-five  years, 
if  the  plantation  had  been  well  managed,  sixty-six  loads  of  timber,  mftlring 
a  total  value  of  the  produce  of  an  acre  jE700,  whilst  the  expense  of  plant- 
ing, keeping  up  enclosures,  interest  of  money,  and  rent  would  not  exceed 
i£150,  leaving  a  clear  annual  profit  of  at  least  £8  an  acre. 

The  value  of  the  timber  to  the  state  ia,  however,  of  fsa  more  importance 
than  the  profit ;  and  the  value  of  the  produce  is  increased  by  judicious  at- 
tention to  the  selection  and  to  the  times  of  feUing  it,  so  that  the  timber 
may  be  cut  down  in  its  best  condition.  These  statements  of  jHrofit  are 
taken  at  a  low  estimate;  and  the  statement  of  expenditure,  cultiva* 
tion,  &€.,  are  drawn  from  the  best  authorities,  as  Arrowsmith,  Dr.  Beau- 
fort, Newenham,  Ctalmers^  and  others.  It  also  appears  that  there  are 
more  than  13,000,000  of  acrea  of  waste  land  that  might  be  cultivated  for 
the  growth  of  timber;  and  although  to  several  species  of  timber  trees 
there  is  a  peculiar  adaptation  in  some  conditions  of  the  soil,  yet  there  is 
good  authority  to  believe  that  oak  will  grow  on  almost  evexy  s<h1  :  which  even 
Evelyn  appears  to  admit.  If  therefore  the  cultivation  of  this  species  of 
timber  trees  should  engage  the  attention  which  the  subject  deserves,  every 
waste  comer,  hedge-row,  and  bank  of  a  xiver  would  soon  be  planted  with 
this  valuable  species  of  tree ;  and  in  a  few  ages,  our  posterity  would  realize 
a  complete  independence  of  foreign  supplies  of  oak-timber.  But  if  private 
enterprise  should  not  be  called  forth  in  this  respect  to  the  extent  which 
may  be  considered  desirable,  still,  the  cultivation  of  large  tracts  of  waste 
land  remains  to  be  considered  as  a  matter  of  national  interest,  against 
which  we  see  no  valid  objection. 

It  appears  by  a  statement  laid  before  Parliament  in  1797,  that  from  the 
time  of  the  accession  of  queen  Anne  to  that  period,  there  had  been  1776 
bills  brought  in  for  enclosures,  the  average  enclosure  under  each  bill  being 
1769  acres;  and  in  the  twenty  years  following  that  date,  there  were  1870 
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bills,  making  the  total  number  in  the  115  years,  3646 :  and  the  whole 
quantity  taken  in,  by  virtue  of  all  these  bills,  gives  an  average  annual  en- 
closure of  27,319  acres.  Now,  according  to  the  parliamentary  report  for 
June,  1812,  already  mentioned,  forty  trees  grew  on  an  acre,  and  the  ave- 
rage produce  was  rather  more  than  a  load  of  timber  to  each  tree  at  sixty 
years'  growth  ;  or  about  sixty-six  loads  on  an  acre,  or,  an  acre  produces 
ibout  a  load  of  timber  in  a  year.  Hence,  if  the  quantity  of  land  enclosed 
ander  the  bills  above  mentioned  were  regularly  and  successively  planted, 
there  would  be  an  annual  produce  of  52,362  loads  of  timber.  From  these 
statements  it  appears,  that  if  proper  attention  were  paid  to  the  cultivation 
of  oak  trees,  the  propriety  of  the  opinions  expressed  by  Mr.  Snodgrass  in, 
1771  and  1791  would  be  verified.  And  it  must  be  evident  that  whilst 
the  navy  constitutes  the  principal  basis  of  our  national  strength,  it  is  a 
matter  of  vast  importance  that  land  should  be  cultivated  to  supply  ma'^ 
tenals  for  its  construction,  rather  than  that  it  should  remain  unproductive 
altogether.  But  the  capabilities  of  the  country  for  the  growth  of  timber  can 
never  be  fully  developed  by  legislative  measures,  separate  firom  private  in- 
terest and  patriotism,  which,  pervading  the  nation,  should  combine  with  pub- 
lic regulations  to  turn  to  the  best  account  the  productive  force  of  the  soil- 
It  would  not  be  proper  here  to  do  more  than  point  out  the  important 
advantages  and  the  practicability  of  the  plan  suggested.  Nor  would  we 
offer  a  hint  that  could  be  construed  to  vindicate  the  propriety  of  legisla- 
tive interference  with  private  transactions,  the  interests  of  which  are,  it  is 
believed,  generally  prosecuted  with  the  greatest  advantage,  whilst  there  is 
entire  freedom  of  choice  and  sound  discretion  regulating  a  spirit  of  hberal 
enterprise.  As  to  the  advantage  of  cultivating  land  for  the  growth  of 
timber  trees  to  a  very  great  extent  on  private  estates,  it  must  be  allowed 
tiiat,  in  making  plantations,  a  proprietor  must  consent  to  merge  his 
present  interest,  and  yield  up  to  his  heirs  the  benefits  of  his  own  discretion ; 
whilst  they  might  bear  a  favourable  relation  to  him  and  to  the  state  in 
general.  At  the  same  time  it  may  be  hoped  that  whatever  legislative 
measures  have  been  taken,  to  promote  the  cultivation  of  timber  trees  as  a 
national  undertaking,  may  be  carried  out  with  full  force  and  efficacy  to 
coming  ages ;  so  that  the  forests  and  plantations  of  our  country  may  sup- 
ply the  surest  means  of  constructing  and  maintaining  a  navy,  and,  accord- 
ing to  the  words  of  Mr.  Snodgrass, ''  effectually  prevent  the  want  of  that 
article  for  the  navy,  in  future.'^ 

In  the  evidence  which  Mr.  Snodgrass  gave,  as  already  mentioned,  in 
1771  and  1791,  there  were  several  important  statistical  facts  mentioned. 
Amongst  these,  we  find  that  the  consumption  of  timber  for  the  navy  firom 
the  year  1771  to  1791  was  double  of  what  it  had  been  firom  the  year  1751 
to  1771 ;  that  the  East  India  shipping,  of  British  build,  increased  in  ton<> 
nage,  finom  the  year  1771  to  1776,  firom  46,000  tons  to  79,913  tons :  and  that 
the  price  of  building  East  India  shipping  had  increased  firom  20««  to  40t« 
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per  ton,  prindpally  in  consequence  of  closer  contracts,  and  of  their  being 
more  substantially  built. 

In  1771,  two  East  India  ships  of  864  tons  burthen,  were  built  for 
£10  10^.  per  ton,  whilst  a  sixty-four  gun  ship  of  1896  tons  was  built  in  a 
private  yard  at  the  cost  of  £16  12s.  6d.  per  ton.  In  1800,  ships  of  the 
line  cost  £21  per  ton  building;  and  in  1805,  as  much  as  £35  to  £36  per 
ton  was  given.  The  price,  however,  from  1807  to  1810,  was  only  £33  10^* 
East  India  ships  of  1200  tons  cost,  in  1800,  £18  18^. ;  in  1801  and  1805, 
£22;  in  1809,  £26;  in  1811,  £27  ;  and  in  1824,  £18  16*.  6rf.  per  ton. 

Mr.  Snodgrass  pointed  out  the  relation  between  the  tonnage  and  the 
cost  of  ships.  And  in  illustrating  his  statements  on  this  subject,  he 
stated  that  if  two  India  ships  of  600  tons,  and  one  of  1200  tons  were  bmlt, 
it  would  be  found  that  the  two  small  ships  had  consumed  nearly  three- 
fourths  more  in  number  of  oak  trees  than  the  large  one  :  hence,  the  build- 
ing of  small  ships  must  increase  the  demand  for  young  growing  trees,  and 
diminish  the  sources  of  supply  of  large  full  grown  timber.  It  may  be  ne- 
cessary to  observe  here,  that  as  to  the  economy  of  timber,  the  illustration 
of  Mr.  Snodgrass  must  not  be  admitted  to  the  extent  to  which  it  may  at 
first  appear  to  be  applicable.  Much,  tending  to  modify  the  fact  he  stated, 
depends  on  the  falls  of  timber :  in  many  falls  there  is  a  great  proportion 
of  smaller  timber ;  and  owners  of  land,  frequently,  for  the  sake  of  clearing 
their  lands,  or  for  pecuniary  considerations,  fell  their  timber  before  it  is 
fully  grown :  so  that  a  large  proportion  of  the  timber  which  is  cut  is  not 
allowed  to  arrive  at  its  Aill  growth,  no  regard  being  had  to  the  wants  of 
the  ship-builder,  nor  any  respect  to  the  adaptation  of  the  timber  to  par- 
ticular purposes.  Hence,  there  will  always  be  a  good  supply  of  timber  of 
moderate  growth,  irrespectively  of  any  particular  demand.  The  timber 
which  it  is  the  most  difficult  to  obtain  for  the  Royal  Navy,  is  curved  tim- 
ber, and  large  timber  for  beams,  stem-posts,  &c. 

Mr.  Snodgrass  adduced  in  support  of  his  statement,  that  between  the 
years  1771  and  1791  the  price  of  timber  imder  forty  feet  meetings  had  in- 
creased in  price  fifteen  shillings  a  load,  whilst  timber  of  sixty  feet  meetings 
had  increased  only  five  shillings.  He  regarded  this  difference  in  the  in- 
crease of  price  as  conclusive  evidence  that  there  had  been  a  greater  demand 
for  small  timber  than  for  large ;  but  the  inference  to  be  deduced  from 
this  fact,  must  depend  on  two  circumstances :  —  the  state  of  the  falls,  and 
the  demand  occasioned  by  the  increased  number  of  ships  built. 

In  the  course  of  replying  to  the  questions  of  the  commissioners,  Mr. 
Snodgrass  advanced  the  opinion,  that  it  was  not  good  for  the  service  that 
three  years^  stock  of  timber  should  be  kept  in  the  dockyards,  on  the 
ground,  as  he  considered,  that  the  timber  would  deteriorate  by  being 
kept.  There  is  no  doubt  that  the  preservation  of  timber  in  store  must 
depend  in  a  very  great  degree  upon  the  manner  in  which  it  is  stowed, 
and   the  means  used  to  season   it    and   to  protect  it  from    exposure 
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to  extreme  changes  of  the  weather :  and  it  is  probable  that  his  opinion 
may  have  been  supported  by  observations  which  he  had  made^  when  the 
same  means  were  not  employed  to  protect  the  timber  as  are  used  in 
the  present  day.  But,  on  several  considerations,  it  appears  desirable  to 
have  always  a  good  stock  of  well  seasoned  timber  in  the  dockyards ;  since 
the  seasoning  of  timber  requires  time,  which  cannot  be  ensured  except  by 
having  a  good  stock  already  sufficiently  seasoned.  There  is  no  doubt  that 
timber  may  be  kept  too  long;  but  the  deterioration  of  timber  through 
keeping  takes  place  in  the  absence  of  housing,  and  of  those  protective 
means  by  which  timber  should  be  screened  from  too  strong  currents  of 
air,  in  the  course  of  its  becoming  seasoned,  and  subsequently.  He  further 
gave  it  as  his  opinion,  that  rough  timber  becomes  injured  by  being  kept 
piled  together.  Now  it  is  very  possible  to  keep  it  too  long  in  that  state  • 
but  it  is  certainly  useful  to  have  a  quantity  of  rough  timber  at  least  par- 
tially seasoned,  that  timber  of  particular  curvature  may  be  selected  as  it  is 
required,  which  frequently  cannot  be  obtained  from  sided  timber.  This 
often  obviates  the  necessity  of  mixing  very  green  with  well-seasoned  tim- 
ber, in  building  ships,  —  a  practice  which  should  always,  if  possible,  be 
avoided.  But,  for  the  convenience  of  selection,  rough  timber  should  be 
spread  upon  the  ground  when  such  an  arrangement  is  practicable,  rather 
than  piled  together,  whilst  that  would  at  the  same  time  conduce  to  its 
preservation.  Timber  should  not  remain  more  than  two  years  in  its  rough 
state ;  but  as  soon  as  the  sap,  or  wood  not  fully  elaborated,  is  decayed,  the 
timber  should  be  sided.  And  Mr.  Snodgrass  considered  that  timber  ought 
always  to  be  cut  to  its  prop^  shape  as  near  as  convenient  to  the  place  where  it 
grows.  Kthis  were  practicable,  it  would  be  most  desirable,  as  it  would  be  in  a 
better  state  for  seasoning,  the  cost  of  conveyance  would  be  much  less,  and 
there  would  be  far  less  risk  of  receiving  unsound  timber.  He  considered  the 
loss  on  the  conversion  of  rough  timber  to  be  about  one-half  in  private  yards, 
and  something  more  in  the  government  dockyards.  Experience  shows  that 
in  the  dockyards,  the  loss  does  not  generally  exceed  that  quantity ;  and  in  the 
English  sided  timber,  the  loss  is  about  two-fifths ;  while  in  the  Italian  it  is 
much  less.  He  recommended  that  converted  timber,  thick-stuff,  and 
plank  should  be  placed  under  cover,  in  such  a  manner,  that  the  whole  might 
be  Cfqpable  of  receiving  a  moderate  current  of  air, — ^too  strong  a  current 
should  be  excluded,  as  it  is  injurious  to  such  timber  ,*  —  and  his  recom- 
mendation appears  to  have  been  subsequently  attended  to. 

It  has  been  observed,  that  Mr.  Snodgrass  did  not  think  it  expedient  to 
keep  a  large  stock  of  timber  in  the  dockyards ;  instead  of  this,  he  re- 
commended that  timber  should  be  converted  as  soon  as  it  was  received ; 
and  then  be  seasoned  as  it  stood,  composing  the  frames  of  ships,  under  a 
roof  sufficiently  large  to  cover  the  whole  ship.  The  views  held  by  Mr. 
Snodgrass  at  that  time,  were  subsequently  entertained  by  many  experi- 
enced ship-builders ;  but  they  were  not  carried  into  full  effect  imtil  some 
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time  afterwards^  when  the  roofing  over  docks  and  ships  became  general  in 
the  government  dockyards. 

General  Bentham  proposed  the  housing  over  of  docks^  in  such  a  way  as 
to  have  within  them  efficient  means  of  wanning,  ventilating,  and  artificially 
lighting  the  interior.  And  it  may  be  hoped  that  some  safe  and  convenient 
method  of  lighting  will  be  introduced  into  these  establishments  before  the 
exigences  of  the  service  shall  again  require  it ;  for,  the  means  which  were 
used  during  the  last  war,  when  it  was  necessary  to  work  late,  — as  the 
burning  of  torches,  tar-barrels,  &c.,  to  produce  a  light  for  the  men  to  work 
by,  on  the  outside  of  ships,  cannot  but  be  deemed  very  dangerous  in  a 
place  where  so  large  quantities  of  combustible  materials  are  on  every  side. 
It  wbA  proposed  also  that  there  should  be^  in  the  vicinity  of  the  slips>  steam- 
kilns  for  bending  the  planks,  and  machinery  for  performing  the  most  la^ 
borious  operations  of  work  in  those  places ;  but  it  appears  that  these  sug- 
gestions^ which  certainly  would  have  been  of  great  public  benefit^  were  not 
entertained,  on  account  of  the  expense. 

As  it  regards  the  covering  of  docks  and  slips,  it  may  be  remarked  that 
the  practice  had  prevailed  at  Venice  for  a  very  long  period  before  it  was 
introduced  into  this  country ;  as  appears  from  the  evidence  given  before 
the  commissioners  of  land  revenue  by  Mr.  Strange,  who  was  consul  there 
in  1792 :  he  stated  also,  that  twenty-two  large  ships  had  been  on  covered 
slips, — some  of  them  for  nearly  sixty  years.  In  Carlscrona,  there  were 
also  several  covered  docks,  previously  to  their  being  introduoed  into  the 
dockyards  of  England ;  and  both  Mr.  NichoUs  and  Mr.  Snodgrass  re- 
commended the  building  of  roofs,  nearly  thirty  years  before  any  were  con- 
structed in  our  dockyards.  Perhaps  no  improvement  in  these  establish- 
ments has  had  a  more  decided  tendency  to  preserve  the  timber  and  add  to 
the  durability  of  shijpd,  than  the  building  of  too&  over  docks  and  slips;  at 
the  same  time,  that  it  has  added  immensely  to  the  comfort  and  conveni- 
ence of  the  men  employed  on  the  ships  beneath  them. 

Before  the  breaking  out  of  the  French  revolutionary  war,  several  ships 
had  been  covered  over  with  a  slight  housing,  which  was  removed  when 
the  ship  was  launched.  And  in  the  year  1792,  the  fore  and  after  parts  of 
*  ships  were  covered  over,  as  the  fore  and  after  deadwood  and  stem-frames^ 
to  protect  the  heels  of  the  fore  and  after  cant  timbers  whilst  the  firame 
was  standing  to  season* 

With  respect  to  the  repairing  of  ships,  Mr4  Snodgrass,  in  the  course  of 
his  evidence,  gave  it  as  his  opinion,  that  in  point  of  economy,  there  was  a 
great  mistake  in  giving  ships  very  extensive  repairs ;  and  stated,  in  sup- 
port of  his  opinion,  that  many  a  ship  has  cost  as  much,  under  a  thorough 
repair,  as  two  new  ships.  He  recommended  that  ships  should  have  slight 
repairs,  and  be  strengthened  with  iron  riders  and  standards  if  they  were 
needed,  but  not  have  the  timbers  of  their  frame  shifted.  There  are  few 
shipnights  who,  on  maturely  considering  the  economy  of  repairs,  would 
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not  agree  with  Mr.  Snodgrass^  that  large  repairs  are  often  attended  with  a 
wasteful  expenditure  of  materials  and  labour;  whilst  the  timbers  left  in  the 
frame  cannot  generally  be  expected  to  last  so  long  as  the  new  materials ; 
but  may,  very  probably,  tend  to  induce  decay  in  them.  Still,  there  are 
often  timbers  found  prematurely  decayed,  owing  to  causes  which  it  is  not 
easy  to  ascertain;  and  if  such  timbers  were  not  removed,  they  might 
spread  decay  to  a  very  serious  extent.  This  makes  it  desirable  that  in 
forming  and  combining  the  different  parts  of  a  ship,  they  should  be  so 
disposed,  that  defective  parts  may  be  removable  with  the  least  possible 
difficulty.  This  forms  a  great  objection  to  the  iron  plates  that  have  of  late 
been  let  into  the  frames  of  ships,  because,  as  they  cross  several  timbers  of 
the  frame,  as  well  as  many  strakes  of  planking,  a  defective  timber  cannot 
be  removed  without  great  trouble  and  expense. 

Now,  although  it  must  be  admitted  that  the  expense  of  thorough  re- 
pairs is  often  very  great,  and  in  some  cases  it  exceeds  perhaps  what  ought 
to  be  incurred  in  the  repair  of  an  old  ship,  yet,  the  author  is  not  aware 
that  any  case  such  as  Mr.  Snodgrass  mentioned,  ever  occurred  in  the 
government  dockyards.  If  the  expense  of  thoroughly  repairing  any  ship 
amounted  to  the  cost  of  building  two  ships,  it  was  more  Ukely  to  have 
taken  place  in  a  private  yard  than  in  any  of  the  national  yards ;  as  the 
repairs  of  ships  of  the  navy,  both  previously  and  subsequently  to  his  time, 
have  cost  much  less  than  their  first  expense.* 

Mr.  Snodgrass  further  gave  his  opinion  on  several  points  in  the  con- 
struction and  building  of  ships.  With  regard  to  the  form  of  the  side,  he 
objected  to  the  tumbling- home,  which  in  his  day  was  carried  to  excess ; 
and  he  proposed  the  alteration  which  is  shown  by  the  dotted  line  in  the 
comparative  sections  {Plate  19,  fig.  1.)  The  advantages  of  a  wall-side  over 
that  with  a  tumbling-home,  is,  that  it  gives  more  room  on  the  gang-ways 
and  quarter-deck  for  working  the  ship ;  and  reduces  the  curvature  of  the 
fourth  fiittocks  and  top  timbers.     Since  that  time,  the  degree  of  tumbling- 

*  We  find  that  the  Botfol  William,  built  in  1719,  cost  in  building,  about  j£30,794,  and 
when  reduced  in  1757,  from  100  guns  to  84  guns,  cost  for  repair  £20,981 ;  and  during 
a  period  of  twenty-five  years,  had  three  repairs,  which  cost  £14,037. 

The  Ro^  George  {Plate  16  h),  built  in  1766,  cost  in  building,  £54^664 :  she  had  a 
large  repair  in  1768,  at  an  expense  of  £39,031,  and  between  this  period  and  1782,  had 
four  repairs,  which  cost  £18,626.  The  FoudroyaTUy  which  was  taken  from  the  French 
in  1758,  had  a  large  repair  at  Plymouth  in  1774,  costing  £32,606,  and  had  three  repairs 
between  this  period  and  1780,  at  an  expense  of  £12,721.  Many  more  statements  might 
be  given  on  the  repairs  of  ships ;  but,  in  no  instance  do  we  find  that  any  single  repair 
oost  more  than  the  expense  of  building. 

It  was  considered  good  policy  for  many  years  after  Mr.  Snodgrass  gave  his  evidence, 
that  if  the  floor  timbers  could  be  saved,  on  account  of  the  scarcity  of  large  timber,  it 
would  be  proper  to  repair  a  ship  ;  but  for  some  years,  repairs  have  been  carried  on  more 
economically,  by  more  extensively  piecing  defective  timbers  in  the  frames  of  ships  ;  nor 
can  it  be  considered  economy  to  repair  a  ship,  if  the  total  expense  should  exceed  one- 
half  of  the  original  cost  of  her  building. 
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home  has  been  very  much  diminished ;  and  the  moderate  curvatcure  given 
to  the  top-sides  of  ships  of  the  present  day,  is  undoubtedly  the  best  that 
has  yet  obtained  in  the  navy,  with  regard  both  to  the  convenience  of 
getting  timber  of  the  proper  degree  of  curvature,  and  also  to  the  working 
of  the  ships,  for  which  it  allows  ample  room.  For,  whilst  the  excessive 
tumbling-home  was  subject  to  very  serious  objections,  so  also,  in  the  royal 
navy,  would  be  the  extreme  of  upright  sides  which  is  given  to  the  ships  of 
the  East  India  company ;  since,  in  ships  of  war,  having  to  carry  heavy  guns 
on  their  upper  decks,  there  would  be  a  greater  tendency  in  the  top-sides 
to  work,  and  in  the  ships,  to  labour. 

Mr.  Snodgrass  appears  to  have  been  the  first  to  suggest  the  use  of  iron 
for  knees  and  standards,  instead  of  wood.  It  is  probable,  that  his  motives 
for  this  alteration,  may  have  arisen  from  considering  the  difficulty  there  was 
in  obtaining  knee-timber,  and  aho  the  importance  of  strength  and  com- 
pactness, whilst  iron  is  less  cumbersome  than  wood  for  such  purposes  (see 
Plate  19,  fig.  2).  The  difficulty  of  obtaining  knee-timber,  was  experienced 
very  much  a  few  years  afterwards ;  and  it  led  to  the  proposal  of  several 
plans  with  the  view  to  obviate  the  inconveniences  of  this  difficulty :  but 
these  will  be  stated  in  another  part  of  this  history. 

Mr.  Snodgrass  proposed  also,  the  use  of  diagonal  braces,  which  should 

extend  from  the  keelson  to  the  gun-deck  beams.     {Plate  19,  fig.  3.)     This 

j  plan  was  tried  in  some  of  his  majesty^s  ships,  and  in  the  Orion  of  seventy- 

j   four  guns,  in  the  year  1805.     One  end  of  the  braces  was  attached  to  the 

keelson — an  almost  immoveable  point,  and  the  other  end  was  attached  to 

J  the  side ;  and  hence,  at  every  alteration  in  the  transverse  form,  especially 

{  when  the  ship  was  rolling,  a  motion  took  place  tending  to  separate  the 

!  side  from  its  connection  with  the  beams.     As  these  braces  were  not  found 

,  to  answer  the  purpose  for  which  they  had  been  proposed,  they  were  discon- 

:  tinned  in  ships  of  the  royal  navy. 

With  respect  to  the  buUding  of  ships,  Mr.  Snodgrass  gave  it  as  his 
I  opinion  before  a  committee  of  the  House  of  Commons,  that  it  would  be 
■  better  for  government  to  have  ships  of  war  built  by  contract  in  private 
yards  in  the  time  of  peace ;  so  that  more  ships  might  be  built,  with  well- 
seasoned  timber,  in  readiness  when  required  in  war ;  and  also  that  the  ship- 
wrights in  private  yards  might  have  constant  employment,  and,  therefore,  a 
sufficient  inducement  to  remain  in  the  country.  He  was  of  opinion,  that  if 
ships  built  in  private  yards  had  as  much  time  to  become  seasoned,  as  those 
built  in  the  king's  yards,  they  would  be  the  most  durable ;  since,  as  he  stated, 
private  builders  use  sounder  and  better  timber  than  that  obtained  in  go- 
vernment yards.  This  opinion  has  been  held  since ;  as  it  is  considered 
that  private  builders  often  obtain  the  first  choice  of  timber  after  the  falls- 

In  connection  with  a  notice  of  this  recommendation,  it  may  be  men- 
tioned, that  in  the  eleventh  report  of  the  commissioners  of  land  reve- 
nue, and  in  an  appendix  to  the  report,  it  is  stated  that  the  commission- 
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era  of  the  navy,  in  answer  to  their  inquiries,  have  given  their  opinion  that, 
on  an  average,  the  ships  built  in  the  king's  dockyards  would  last  fifteen 
years ;  whilst  those  built  by  contract  would  last  only  about  ten  yeara. 
The  greater  durability  of  the  former,  they  attributed  to  the  timber  being 
better  seasoned,  and  also  to  their  being  longer  in  building, — a  circum- 
stance which  would  contribute  greatly  to  their  durability.  In  several  cases 
which  have  taken  place  since  that  time,  the  opinions  of  the  commissionera 
have  been  borne  out ;  but  at  a  later  period  it  has  been  shown,  that  several 
ships  that  had  been  built  in  private  yards  in  the  time  of  the  war,  were  more 
durable  than  had  been  admitted  in  that  general  estimate,  while  the  con- 
trary has  likewise  been  the  case.  From  the  commencement  of  the  reign 
of  George  the  Third,  to  the  year  1791,  the  ships  built  by  contract,  and 
those  purchased,  amounted  to  256,656  tons,  whilst  those  built  in  the  na- 
tional dockyards,  amounted  only  to  131,862  tons ;  and  during  this  time, 
the  mean  duration  of  ships  of  the  navy  did  not  exceed  twelve  years. 

In  December  1792,  when  from  circumstances  connected  with  the  French 
Revolution,  a  war  broke  out  between  that  nation  and  England,  the  latter 
had  only  twelve  ships  of  the  line  in  commission,  and  thirty  ships  from  50 
to  20  guns.  But  by  the  remarkable  vigour  with  which  the  duties  of  the 
dockyards  were  carried  on,  there  were,  by  September  1793,  seventy-one 
ships  of  the  line,  and  one  hundred  and  four  ships  from  50  guns  downwards. 

The  high  price  which  had  been  paid  for  stores,  and  the  difficulty  ex- 
perienced in  obtaining  many  of  them  on  the  breaking  out  of  a  war,  induced 
the  navy  board,  in  1783,  to  order  that  all  new  ships,  and  ships  in  good  con- 
dition, should  have  a  great  proportion  of  their  frimiture  and  stores  appro- 
priated to  them,  and  duly  arranged  in  store ;  so  that  there  might  be  no 
difficulty  in  fitting  them  out  on  an  emergency:  and,  accordingly,  lord 
Barham  ordered  an  establishment  of  stores  to  be  kept  ready  in  the  maga- 
zines of  the  dockyards;  and  it  was  imder  the  advantages  of  the  judicious 
arrangements  made  by  the  navy  board  in  1783,  of  appropriating  stores  to 
ships,  and  the  regulations  which  originated  with  lord  Barham,  of  form- 
ing an  establishment  of  stores  in  the  magazines  of  the  dockyards,  that  the 
obtaining  of  stores  for  them,  occasioned  no  delay  in  the  equipment  of  the 
ships,  on  the  breaking  out  of  the  revolutionary  war. 

The  Cambridge  and  Princess  Amelia,  which  were  launched  in  1754  and 
1757,  had  80  guns  on  three  decks :  when  the  length  on  the  gun-deck  of  the 
Cambridge  was  only  166  feet,  breadth  47  feet,  and  depth  in  hold  20  feet ;  and 
that  of  the  Princess  Amelia,  165  feet  in  length  on  gun-deck,  breadth  47  feet  3 
inches,  and  depth  in  hold  20  feet ;  and  the  tonnage  of  the  Princess  Amelia 
1579,  and  of  the  Cambridge,  1615.  And,  at  this  period,  there  wa&  an  es- 
sential difference  between  the  navy  of  England  and  the  navies  of  France  and 
Spain,  the  latter  having  no  three-decked  ships.  Their  largest  ships  appear  to 
have  been  of  84  guns,  but  they  were  of  large  dimensions  j  as  was  found  by  the 
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capture^  in  1758,  of  the  Ftftiifroyim/,  a  French  dupof  84  gona  ontwodecb, 
which  ship  had  alength  on  the  gun-deck  of  180  feet  5  inchea,  breadth  extreme 
60  feet  8  inchea^  depth  in  hold  28  feet,  and  burthen  in  tons  1977.  This  led 
to  the  building  of  a  better  daaa  of  two*decked  ahipa  in  England;  and  we  do 
not  find  that  any  ahipa  of  80  gona  on  three*decks  were  built  after  1757>-^ 
nor  any  70  gun  ahipa  after  1776,-^nor  any  60  gun  ahipa  after  1759.  It 
waa  not  till  after  the  war  that  commenced  in  1 778,  when  the  French  hav- 
ing learnt  that  their  84  gun  ahipa  were  inferior  in  combat  to  our  three* 
decked  ahipa,  that  they  introduced  three-decked  ahipa  into  their  navy; 
and,  according  to  Chamock,  the  Bretagne  waa  built  196  feet  8  inche9  long  on 
the  water-line,  and  68  feet  4  inchea  in  breadth,  moulded ;  and  her  diafj^ace- 
ment  4660  tona;  about  iOO  tona  leaa  diaplacement  than  that  of  ahipa  of  the 
preaent  day*  However,  the  Bretagne  had  greater  dimenaiona  than  the 
Enghsh  firat  ratea  constructed  aome  yeara  later,  as  no  three-decked  ahip  waa 
laid  down  of  these  dimenaionSj  till  1790 ;  and^  accoMing  to  Chamock  (Vol, 
III.,  p.  280^)  an  ordinance  waa  iasued  in  1786  for  establishing  the  dimen- 
sions of  the  French  fleet,  as  given  in  the  following  table,  which  exceed  the 
dimensions  of  English  ships  built  in  1798 ;  as  we  find  the  CoMor^  designed 
by  Mr.  Hunt  and  launched  in  1798,  was  only  181  feet  on  the  lower  deck,  50 
feet  6  inches  breadth  extreme,  and  2063  tons ;  while  the  Queen  Charhtte, 
la^piched  in  1790^  waa  only  190  feet  on  the  lower  deck,  breadth  extreme 
52  feet  5^  inches^  and  2286  tons ;  constructed  likewise  by  Mr.  Hunt. 


WBISHTS  or    BQVirMBNT    VOm  SIX 
MONTBS  tBBYICB  ACCOmDINO  TO 

rmsncB  mBOULATiOKft,  1786. 

Tons. 

TVmi. 

Tons. 

Ton*. 

Tom. 

Tom. 

Tons. 

Tna. 

Tons. 

Weight  of  ordnance 

496 

489 

375 

314 

200 

131 

86 

39 

3 

Weight  of  the  cordage  1 
and  rigging  independ-  > 
ent  of  the  maata  ....  J 

330 

268 

245 

220 

160 

128 

92 

48 

24 

Water  for  three  months  . . 

315 

293 

236 

192 

146 

90 

73 

34 

19 

Weight  of  the  butts  or  casks 

52 

49 

40 

32 

24 

15 

12 

5 

3 

Provisions  for  six  months  • 

617 

608i 

447i 

367i 

278i 

167J 

137 

44 

26^ 

Weight  of  the  equipage  . . 

137 

129i 

104i 

86 

66 

39 

32 

15 

&i 

Stores  of  the  captain  & ' 
officers  

64 

58 

35 

30 

25i 

20 

18 

9 

6 

Clothing  of  the  men,  and  1 
weight  of  the  boats. .  j 

40 

36 

30 

25 

20 

18 

15 

13 

9 

Iron  ballast «,,« 

500 
195 

400 

.^fSO 

245 

100 

180 
80 

146 
GO 

90 
24 

55 

18 

20 
10 

Stone  or  shingle  ballast  . . 

164      148 

Total  weight  of  equipment 

2746 
5246 

2510 
4910 

2021    16111 

1180 

814 

579 

280 

126 
266 

Totol  weight  of  hull,  &c. . 

3825   3048J 

2300 

1479 

1162 

546 
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Whenit  became  known  in  England  that  the  king  of  France  had  been  ex- 
ecuted^  the  govemment  ordered  the  French  ambassador  to  leave  the  king- 
dom ;  and  a  few  days  afterwards^  a  message  was  sent  firoih  his  majesty  to 
the  House  of  Conmions^  "  which  in  fact  announced  the  commencement 
of  hostilities  against  France/'*  But  France  anticipated  the  purpose  of 
England  by  declaring  war  on  the  first  of  February. 

In  the  month  of  March^  govemment  voted  the  supplies  for  the  navy ; 
when  45^000  seamen  and  marines  were  granted  for  the  service  of  the 
year;  together  with  the  sum  of  £669,205  for  the  ordinary  of  the  navy, 
and  £387,710  extra  for  the  building  and  repair  of  ships :  and,  as  the  spring 
advanced,  active  measures  were  taken  to  dispose  of  the  naval  power,  in 
such  a  manner  as  to  act  most  extensively  towards  defeating  the  objects 
contemplated  by  the  French  republicans ;  and  with  this  view,  a  fleet  was 
sent  to  the  West  Indies ;  and  such  regard  was  had  to  the  supplying  of 
foreign  stations  with  fleets,  that  it  was  not  until  the  middle  of  July,  that 
a  fleet  adequate  to  the  requirements  of  the  channel  could  put  to  sea 
under  lord  Howe.  But  nothing  material  resulted  during  the  year,  fiom 
the  employment  of  this  fleet. 

The  most  important  consequences  of  naval  operations  during  the  year, 
resulted  firom  the  employment  of  the  fleet  in  the  Mediterranean  tmder 
lord  Hood,  to  whom  the  inhabitants  of  Toulon  surrendered  their  dty  and 
the  harbour,  with  all  the  ships  it  contained,  on  certain  conditions  of 
trust.  It  was  not,  however,  by  the  mere  act  of  surrender  that  the  fleet 
lying  at  Toulon,  came  into  the  power  of  the  English ;  for  a  considerable 
portion  of  the  fleet  was  in  the  hands  of  the  republican  party.  The  fleet 
consisted  o£  one  ship  of  120  guns,  one  of  80,  fifteen  of  74,  seven  frigates, 
and  ten  corvettes  ready  for  sea ;  one  of  120  guns,  one  of  80,  two  of  74, 
and  a  frigate,  in  the  course  of  being  refitted ;  nine  ships  of  the  line,  five 
frigates,  and  two  corvettes,  lying  in  want  of  repair;  and  one  74  gun  ship, 
and  two  40  gun  frigates  were  on  the  stocks  unfinished.  The  French  had 
likewise  one  ship  of  the  line,  twelve  frigates,  and  four  corvettes  cruising  in 
the  Mediterranean. 

The  ships  of  the  line  brought  away  from  Toulon  by  admiral  lord  Hood 
on  the  18th  December,  1798,  were  as  follows  :  — 

Le  Commerce  de  Lengthy  L^wer       Bmdth  Extreme.        Depth  in  Hold.       Bv^ 

MarseiUes  ..  120  guns  208  ft.  4  in.  54  ft.  9i  in.  25  ft.  0^  in.  2747 
Le  Puissant  ..  74  „  178  „  8  „  47„lli„  21„10  „  1794 
Le  Pompee    . .      80    „       182  „  2  „     49  „   Oi  „      21  „  10  J  „      1901 

The  English  did  not  long  hold  possession  of  Toulon;  and  when 
they  were  compelled  to  evacuate  the  place,  some  of  the  ships  were  set  on 
fire,  and  others  remained  to  be  repossessed  by  the  successful  republicans ; 


*  Campbell's  History,  Vol.  VII.,  p.  300. 


DIMENSIONS   OF   FRIGATB8   CAKTURBD      ROM    THE    FRENCH. 


119 


and  the  great  haste  with  which  lord  Hood  was  obliged  ultunately  to  quit 
Toulon^  compelled  him  to  relinqmsh  the  chief  advanti^es^  in  point  of 
weakening  the  French  navj,  that  his  former  successes  had  promised. 
"  Great  Britain  obtained  only  by  the  capture  of  Toulon,  three  ships  of  the 
line  and  five  frigates ;  these  being  all  that  lord  Hood  was  able  to  carry 
away.''*  A  later  historian  states,  that  besides  the  three  ships  of  the  line, 
the  English  carried  off  twelve  of  inferior  rates ;  but  of  these  he  says  ''  few 
were  worth  much  to  their  new  masters.'^f 

During  this  year,  the  British  navy  improved  considerably  in  its  effective- 
ness; and  at  the  commencement  of  the  year  1794,  it  had  in  commission 
eighty-five  ships  of  the  line,  eight  50  gun  ships,  twelve  of  44  guns,  and 
ninety-eight  fiigates,  besides  inferior  ships  and  vessels, — making  a  total  of 
279  ships  and  vessels  in  commission  for  sea  service.]:  The  sum  granted 
for  the  ordinary  of  the  navy,  was  J6558,021 :  and  that  for  the  extraor- 
dinary expenses  was  iE547,810;  and,  85,000  seamen  and  marines  were 
granted  for  the  service  of  the  navy. 

The  great  naval  event  that  distinguished  the  year,  was  the  general  en- 
gagement on  the  1st  of  June  under  lord  Howe,  who  gained  an  impor- 
tant victory  over  the  French,  when  he  captured  six  of  their  line  of  battle 
ships,  and  injured  another  so  much  that  she  sank  in  consequence  of 
the  shot-holes  imder  water.  In  the  Mediterranean,  the  island  of  Corsica 
was  compelled  by  the  English,  under  lord  Hood,  to  capitulate :  and,  in 
the  West  Indies,  several  important  ulands  were  reduced  by  the  English 
under  vice-admiral  sir  John  Jends.  But  one  of  these,  Guadaloupe,  was 
a  short  time  afterwards  recovered  by  the  French. 

This  year,  there  were  captured  firom  the  French,  the  Pofiume,  of  40  guns, 
and  the  Bevolutumnaire  of  88  guns, — ^two  of  the  finest  frigates  that  had 
yet  been  in  the  possession  of  the  English.  The  principal  dimensions  of 
these  two  fiigates  were  as  follows : 


NAMES. 

Length  on 
gon-deek. 

Extreme 
Brewlth. 

Depth 
in  Hold. 

Burthen 
in  Tons. 

Proportion  of 

firewlth 
to  Length. 

Pomone 

RevoltttioDnaire . . 

Feet.     in. 
159     2| 

157     2 

Feet.     in. 

41   111 
40     5} 

Feet.    in. 
12      4 

12      6 

1239 
1148 

Am 

1:3.79 
1:3.88 

The  former  of  these  ships  is  said  to  have  been  an  incomparable  sailer, 
and  in  every  way  excellent  as  a  ship  of  war;  whilst,  as  cruisers  in  the 
British  service,  the  Revolutionnaire  took  the  second  place ;  and,  not  only 
in  these  frigates,  but  also  in  ships  of  the  line  captured  during  the  yearj 


♦  Campbell's  History,  VoL  VII.,  p.  308.       t  James,  Vol  I.,  p.  117.        J  IWd. 
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the  English  obtained  examples  of  enlarged  dimensions.  For  no  British 
ship  of  even  the  first  rate  had  yet  been  bnilt  of  so  great  a  length  as  the 
French  80  giin  ship  Juste,  which  was  198  feet  4  inches  on  the  gon-deck^ — 
being  3*84  times  her  breadth.  The  Sans  Pareil,  likewise  of  80  gons^  which 
was  taken  by  lord  Howe  at  the  same  time^  measured  ninety-nine  tons 
more  than  the  Juste,  being  fourteen  inches  and  a  half  wider,  but  only  193 
feet  in  length. 

The  British  navy  went  on  increasing  in  the  number  of  its  ships ;  and 
100,000  seamen  and  marines  were  voted  for  the  service  of  1796.  The  sum 
of  £589,683  was  voted  for  the  ordinary  of  the  navy;  and  £525,840  extra 
for  the  building  and  repair  of  ships,  and  such  other  works  as  related  thereto* 
I  Many  facts  had  demonstrated  by  this  time,  that  French  ships  of  war 
were  superior,  in  point  of  sailing,  to  the  English  ships ;  and  the  attention 
of  the  nation  was  called  to  this  subject  by  some  remarks  that  were  made 
upon  it  in  the  House  of  Commons,  where  some  of  the  naval  members  ap- 
peared unwilling  to  allow  to  the  enemy  that  superiority  on  which  other 
members  strongly  insisted;  and  admiral  Grardner  attributed  it  to  the  liber- 
ality of  the  French  government  to  constructors,  in  granting  premiums  for 
the  best  models  they  could  produce.  It  was  urged,  however,  in  admitting 
that  the  French  ships  were  better  sailers  than  the  English,  that  our  ships 
were  better  built.  But,  whatever  excellence  attached  or  was  peculiar  to 
the  work  of  British  shipwrights,  still  as  the  other  excellence  might  be  con- 
joined to  this,  and  the  ships  be  rendered  superior  cruisers,  as  well  as  good 
ships  in  action  or  in  a  storm,  the  suggestions  which  the  remarks  on  the 
comparative  character  of  English  and  French  ships  of  war  elicited,  deser- 
ved, at  such  a  time  as  that,  the  most  attentive  regard  of  the  government ; 
and,  in  order  to  improve  the  sailing  qualities  of  ships  of  war,  it  was  deemed 
requisite  to  give  them  a  greater  length  in  relation  to  their  breadth.  The 
farther  improvement  of  raising  the  lower  battery  of  ships  of  the  line  higher 
out  of  the  water,  was  now  also  resolved  on :  however,  the  restriction  of 
constructors  to  small  dimensions  in  relation  to  the  force,  was  one  of  the 
principal  causes  of  the  failure  of  the  sailing  of  our  ships ;  and  it  will  be  seen 
by  a  reference  to  different  parts  of  this  history,  that  French  ships  in  all 
cases  exceed  the  English  in  their  principal  dimensions. 

The  number  of  ships  in  commission  as  cruisers  during  the  year,  was 
something  greater  than  it  had  been  in  the  preceding  year.  But  the 
French  had  grown  more  cautious  with  regard  to  the  exposure  of  their 
fleets ;  and  no  general  engagement  took  place  between  the  British  chan- 
nel fleet  and  that  of  the  French,  at  Brest.  In  the  Mediterranean,  how- 
ever, the  fleet  from  Toulon,  and  that  under  vice-admiral  Hotham,  were 
both  active  in  cruising ;  but  still  no  engagement  appears  to  have  been 
brought  on,  even  partially,  by  the  joint  resolution  of  the  opposing  com- 
manders ;  and  the  British  admiral  has  been  regarded  as  failing  to  take 
prompt  advantage  of  the  circumstances  of  the  enemy's  fleet. 
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In  the  meantime^  the  British  navj  continued  to  improve  in  its  efficiency. 
The  number  of  oroisers  was  increased,  during  the  year,  by  fourteen  ships 
of  the  line,  and  thirty-six  of  inferior  rates,  and  the  entire  naval  establish- 
ment was  increased  by  no  less  than  eighty-two  ships  and  vessels.  But  Hol- 
land had  been  reduced  by  the  French,  and  become  united  in  their  interest 
in  the  war ;  and  Prussia  had  made  a  separate  peace  with  France ;  whilst  the 
professions  of  firiendship  on  the  part  of  Spain  were  thought  to  be  of  doubt- 
ful continuance. 

Under  these  circumstances,  it  was  considered  requisite  to  increase 
the  establishment  for  the  year  1796 ;  and  1 10,000  men  were  granted 
to  serve  in  it :  and  the  sum  of  £624,162  was  voted  for  the  ordinaiy 
expenses  of  the  navy  j  and  of  £708,400  for  the  building  and  repair  of 
ships  of  war. 

The  great  preparations  which  it  was  known  the  French  were  making  at 
Brest,  whilst  the  immediate  object  of  those  preparations  was  not  known, 
rendered  it  necessary  to  alter  the  arrangements  with  respect  to  the  fleet  in 
the  channel:  but,  notwithstanding  the  division  of  this  fleet  into  three 
squadrons,  the  more  certainly,  it  was  thought,  to  defeat  the  designs  which 
were  contemplated  by  the  French,  their  fleet  sailed  from  Brest  unobserved ; 
though  it  Mled  in  its  object  against  Ireland. 

In  the  Mediterranean,  the  events  of  the  war  turned  most  unfavourably 
for  the  interests  of  Great  Britain.  For  Spain  haviag  declared  war  against 
England,  fitted  out  a  fleet  to  act  in  concert  with  that  of  France ;  and 
this  combination  raised  the  enemies'  force  in  that  sea  decidedly  above  that 
of  the  English  under  sir  John  Jervis,  who  therefore  retired  to  Gibraltar, 
leaving  the  undisputed  possession  of  the  Mediterranean  to  the  fleets  of 
France  and  Spain.  With  a  prospect  unfavourable  to  Great  Britain,  an  in- 
effectual attempt  was  made  for  the  restoration  of  peace,  by  sending  a  min- 
ister to  Paris  to  negotiate. 

During  the  year  1 795,  several  ships  had  been  purchased  of  the  East 
India  company  to  be  fitted  out  as  ships  of  war.  One  of  these,  the  Glatton, 
was  fitted  out  at  Sheemess,  and  armed  with  twenty-eight  68  pounder  car- 
ronades  on  her  lower  deck,  and  an  equal  number  of  42  pounders  on  her 
upper  deck ;  she  was  sent  put  in  July,  under  the  command  of  captain  Trol- 
lope,  to  join  a  small  squadron  of  ships  in  the  North  Sea.  But,  before  the 
Glatton  joined  this  squadron,  she  fell  in  with  six  French  frigates,  which 
were  not  long  afterwards  joined  by  a  brig-corvette  and  a  cutter,  off  the 
coast  of  Flanders.  Captain  TroUope  observed  that  '^  the  commodore's  ship 
appeared  to  mount  near  50  guns ;  two  others  appeared  about  86  guns,  re- 
markably fine  long  frigates ;  and  the  other  three,  smaller."  It  was  about 
ten  o'clock  at  night  when  the  action  began,  at  the  distance  of  twenty  yards 
from  the  opposing  ships;  the  frigates  having  in  the  meantime  formed 
themselves  into  the  Hne.  The  Glatton  had  to  engage  her  antagonists  in  a 
brisk  fire  '^  on  both  sides,  for  a  few  minutes,  with  her  yard  arms  nearly 
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touching  those  of  the  enemy  on  each  side/'  *  The  action  had  not  con- 
tinued long  in  this  way  before  the  enemy  were  obliged  to  retire ;  and  the 
Glatton,  having  been  very  much  damaged  in  her  rigging,  was  unable  to  fol- 
low in  pursuit.  The  night  was  spent  in  repairing  the  damages,  under  some 
expectation  that  the  French  commodore  would  be  willing  to  renew  the  ac- 
tion in  the  morning,  captain  Trollope  hoping  to  be  joined  in  the  meantime 
by  an  English  ship  or  two  that  were  cruising.  The  commodore  declined, 
however,  any  further  contest,  although  followed  by  the  Glatton,  as  he  re- 
tired with  his  squadron  towards  Flushing.  But  notwithstanding  the  emi- 
nently successful  employment  of  this  heavy  armament  in  the  Glatton  in 
her  first  encounter,  no  other  ship  was  armed  in  the  same  way. 

No  ships  of  the  line  were  taken  firom  the  French  during  the  year ;  but 
several  of  their  firigates  fell  into  the  hands  of  the  English.  A  greats 
number  of  Dutch  ships  were  captured,  as  were  also  two  Spanish  firigates. 

Within  the  same  period  England  sustained  the  loss  of  a  considerable 
number  of  ships.  Several  ships  of  the  line,  besides  others  of  inferior  clas- 
ses, were  destroyed  by  fire,  wrecked,  or  foundered;  and  a  10  gun  brig  was 
captured  by  a  Spanish  squadron  in  the  Mediterranean. 

The  supplies  voted  to  the  naval  service  for  the  year  1797  were  120,000 
seamen  and  marines ;  the  sum  granted  for  the  ordinary  of  the  navy  was 
jE653,573 ;  and  the  extra  sum  for  the  building  and  repairs  of  ships,  and 
of  other  necessary  works  relating  to  them,  was  £768,100. 

At  the  beginning  of  the  year  1797,  there  were  108  ships  of  the  line  in 
commission  as  cruisers;  and  293  ships  and  vessels,  from  those  of  56  guns, 
down  to  armed  cutters ;  being  an  increase  of  three  ships  of  the  line,  and 
twenty-two  of  inferior  rates.  At  the  same  time  the  entire  number  of  ships 
and  vessels  composing  the  British  navy,  including  as  well  those  which  were 
on  the  stocks,  and  those  which  were  only  ordered  to  be  built,  as  those 
which  had  a  perfect  existence  in  the  naval  service,  was  172  of  the  line  and 
461  of  inferior  rates;  being  an  increase  realized  during  the  preceding 
year  of  five  of  the  line,  and  thirty-six  under  the  line ;  whilst  only  one  ship 
of  the  line,  six  small  36  gun  frigates,  eight  large  and  six  small  18  gun  brig- 
sloops,  had  been  launched  within  that  time. 

The  close  of  the  year  1796  and  the  beginning  of  1797,  were  distin- 
guished by  a  powerful  attempt  on  the  part  of  the  French  at  the  invasion 
of  Ireland.  The  fleet  was  fitted  out  at  Brest,  and  intelligence  of  its  sail- 
ing was  communicated  to  England  by  vessels  that  had  been  stationed  for 
the  purpose  of  gaining  information.  But  so  much  time  elapsed  between 
the  sailing  of  the  fleet  from  Brest,  and  the  British  fleet  under  lord  Brid- 
port  reaching  the  coast  of  Ireland,  that  though  the  enemy  had  been  in 

*  It  is  stated  that  the  French  frigates  attempted  to  board,  bat  that  the  rigging  was 
cleared  of  the  boarders  by  the  grape  shot  from  the  42  pounders  on  the  upper  deck,  while 
the  68  pounders  on  the  lower  deck  nearly  beat  in  the  sides  of  her  opponents. 
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BaQtry  Bay,  they  had  sailed  again  before  his  lordship  arrived.  Sqjale  of 
the  enemjr's  ships,  however,  foundered  in  the  bay ;  a  few  others  were  taken ; 
and  such  of  them  as  had  been  able,  had  sought  their  safety  from  the  vio- 
lence of  the  wind  by  getting  clear  of  the  coast  before  their  pursuers  ar- 
rived ;  and  England  was  saved  from  alarm  and  danger  by  circumstances 
beyond  her  controul,  that  frustrated  the  designs  of  her  enemies. 

The  French  lost  in  this  expedition  thirteen  ships ;  two  of  the  line,  four 
frigates,  two  corvettes,  and  five  transports ;  the  remainder  of  their  fleet 
arrived  in  several  of  their  ports  between  the  first  and  the  middle  of 
January.  And  after  this,  the  fleet  at  Brest  remained  inactive  in  the 
harbour,  leaving  the  English  channel  fleet  to  cruise  without  an  antagonist 
to  encounter. 

The  first  event  that  signalized  the  employment  of  the  British  navy,  in 
1797,  was  the  gaieral  engagement  between  the  Spanish  fleet,  and  that 
imder  the  command  of  sir  John  Jervis  off  Cape  St.  Vincent ;  in  which  the 
English  gained  an  important  victory,  the  fruit  of  which  was  four  ships  of 
the  line.  These  were  the  following,  of  which  the  principal  dimensions 
are  given :  — 


NAMES. 

No.  of 
Giuii. 

Length  on 
Gun  Deck. 

Extreme 
braadth. 

Depth  in 
Hold. 

Burthen 
in  Tons. 

Proportion 
ofbreftdth 
to  Length. 

Feet.     in. 

Feet.     in. 

Feet.   in. 

AS 

San  Josef     • 

112 

194      3 

54     3 

24  3i 

2457 

1:3.58 

Salvador  del  Mundo 

112 

190     9 

54     3i 

23  1| 

2398 

1:3-5 

San  Nicolas  . 

74 

179    9i- 

49     7i 

20  H 

1942 

1:3-62 

San  Tsidro  . 

74 

176    0| 

48  Hi 

20  li 

1836 

1:3-59 

These  ships  were  immediately  seen  by  their  new  owners  to  possess  supe-l 
rior  qualities^  owing  to  the  character  of  their  construction.  For  it  iel 
said  that^  ''  under  their  jury-masts^  and  poorly  manned  as  they  necessarily 
were^  they  beat  all  the  English  ships  in  working  into  the  Tagns.'^*  All 
these  ships,  it  will  be  perceived^  had  a  greater  breadth  of  beam  in  relation 
to  their  length  than  it  was  customary^  either  at  that  time^  or  than  it  has 
been  since^  to  give  to  ships  of  war  in  the  English  navy. 

In  speaking  of  the  defeat  of  the  enemy^s  fleet  off  Cape  St.  Vincent^  Char- 
nock  says^  ^^Nor  was  this  the  only  misfortune  which  befel  the  Spanish  marine ; 


*  James's  Kaval  History,  Vol.  IL,  p.  74.  Although  these  were  very  fine  ships,  and 
saperior  to  most  ships  of  that  time,  yet,  their  superiority  in  working  to  windward,  may 
not  have  been  owing  entirdy  to  their  essential  excellenoe.  For,  ships  not  oharaoterized 
by  superior  qualities,  sometimes  work  to  great  advantage  under  jury  masts,  when  they 
are  light,'  and  other  <nrcumstanoes  are  fii^voarabl*  to  them. 
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for^  three  days  only  after  the  event  just  mentioned  had  taken  plftfee^  one  of 
their  squadrons  stationed  in  a  distant  quarter  of  the  globe  (the  gulf  of  Paria 
on  the  coast  of  South  America)^  was  in  a  great  part  destroyed  by  the 
hands  of  those  who  should  have  defended  it;  one  ship  of  84  guns^  two  of 
74,  and  a  firigate  of  36,  being  burnt  by  the  Spaniards  themselves^  to  pre- 
vent their  falling  into  the  hands  of  the  British,  as  was  the  fate  of  the  only 
survivor,  a  ship  of  74  gvaiB.'** 

In  this  year,  the  Cambrian,  constructed  by  sir  John  Henslow,  and  the 
Acasta,  by  sir  William  Bule,  were  launched.  These  frigates  were  of  large 
dimensions^  and  were  intended  to  supersede  the  44  gun  ships  on  two  decks : 
they  were  of  the  following  dimensions :  -^ 

BurthcA 
Length  on  deck.  Brtftdth  extMma.  DepUi  In  hold*  in  ton*t 

Cambrian        154  ft.  0  in.        41  ft.  S    in.         14  ft.  Oin.         1160 
Acasta..  154  „    0  „         40  „    9i  „  14  „  3  „  1142 

^e  Acasta  was  armed  with  thirty  18  pounders  ;  and  the  Cambrian  with 
twenty-eight  24  pounders  on  the  main-deck.-^The  AcaBia,  on  the  quarter- 
deck and  forecastle,  ten  9  pounders,  and  the  Cambrian,  twelve  9  pounders. 
The  FUgard,  taken  this  year  from  the  French,  was  six  feet  longer,  and 
1182  tons. 

The  other  great  event  of  the  year,  was  the  general  engagement  between 
the  English  fleet  commanded  by  admiral  Ihmcan,  and  the  Dutch  fleet,  off 
Camperdown.  This  occurred  in  the  month  of  October,  after  the  Dutch 
fleet  had  been  lying  a  considerable  time  in  the  Texel,  and  the  English 
stationed  off  the  coast  to  watch  them.  At  length,  when  admiral  Duncan 
had  retired  to  Yarmouth  for  stores,  leaving  the  coast  clear,  the  Dutch  fleet 
got  to  sea ;  of  this  event,  information  was  soon  conveyed  to  the  British 
commander,  who  hastened  to  re-occupy  his  station.  On  the  morning  of 
the  11th  the  two  fleets  came  in  sight  of  each  other ;  and  each  commander 
evinced  a  similar  forwardness  to  render  the  engagement  general.  It  began 
soon  after  twelve  o^clock,  and  was  sustained  with  great  bravery  on  both 
sides ;  but  the  result  was,  a  great  victory  gained  by  the  English,  in  which 
the  prizes  were  two  ships  of  74  guns,  five  of  64,  two  of  60,  one  frigate  of 
40  guns,  and  one  of  32.  The  last  ship  was  driven  upon  the  coast  of  Hol- 
land, and  was  re-taken ;  one  of  the  50  gun  ships  sank  in  consequence  of 
the  shot  holes,  and  the  other  was  lost  on  a  sand  in  a  gale  of  wind.  The 
other  prizes,  which  were  brought  home,  were  never  of  any  service  in  the 
firitish  navy. 

The  only  ships  lost  during  the  year  1797,  were  a  small  number  of 
frigates,  and  a  few  sloops  and  gun  brigs. 

The  increase  in  new  ships  was  of  far  more  importance.  There  were 
launched  in  the  royal  dockyards,  the  Neptune  of  98  guns  and  2111  tons, 
and  the  Centaur  of  74  guns  and  1842  tons ;  and  a  64  gun  ship  was  pur- 

*  Histoxy  of  Marine  Architecture,  Vol.  Ill,  p.  237. 
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chased.  Besides  these^  there  were  launched  in  private  yards  forty^six 
frigates  and  smaller  vessels^  the  largest  of  which  was  the  Endymion  of  40 
guns^  measuring  1377  tons,  159  feet  3|  inches  long  on  the  gun-deck, 
42  feet  7f  inches  in  extreme  breadth ;  and  with  3. 74  times  the  breadth 
to  the  length.*  Five  other  frigates,  four  of  88,  and  one  of  36  guns, 
six  sloops,  thirty oone  gun-brigs,  and  one  cutter  were  likewise  launched ; 
and  eight  bomb«vessels,  eleven  gun-brigs,  and  two  cutters  were  pur- 
chased into  the  service.  And  thus,  with  the  constant  advance  in  the 
building  of  the  inferior  classes  of  ships,  the  number  of  light  cruisers  was 
much  increased ;  for,  whilst  there  were  fewer  by  four  ships  of  the  Une  in 
commission  at  the  beginning  of  1798,  than  there  had  been  twelve  months 
before,  there  were  more  of  those  below  the  line  by -fifty-four  ships  and 
vessels ;  forty-two  out  of  this  number  were  gun-brigs,  and  sixty-five  of 
this  class  of  cruisers  were  at  this  time  in  commission.  The  total  amount 
of  ships  and  vessels  at  that  time  belonging  to  the  British  navy,  induduig 
those  which  were  in  the  course  of  building,  and  those  which  were  or- 
dered to  be  built,  in  connection  with  those  in  commission,  and  those  which 
were  lying  inactive  in  harbour,  was  696  ships  and  vessels,  with  an  aggregate 
burthen  of  581,458  tons;  being  a  total  increase  of  sixty-three  ships  and 
vessels,  and  of  30,910  tons.f 

The  supplies  for  the  naval  service  of  1798,  were  100,000  seamen  and 
20,000  marines ;  —  the  sum  granted  for  the  ordinary  expenses  of  the  navy, 
including  half-pay  to  officers,  was  i£689,858 ;  and  the  sum  voted  for  the 
extraordinary  expenses  of  the  navy,  including  those  of  building  and  repairing 
ships  and  other  works,  was  i£639,530.  The  aggregate  of  the  various  sums 
voted  for  carrying  on  the  different  parts  of  the  naval  service  for  the  year, 
was  £18,449,388. 

During  the  eventful  reign  of  George  the  Third,  some  most  important  im-» 
provements  resulted  from  the  wise  and  liberal  views  of  the  boards  of 
admiralty,  in  countenancing  eminent  men,  and  engaging  their  talents  in 
the  service.  Amongst  these  were  general  sir  Samuel  Bentham,  and  Mr. 
(now  sir  Isambert)  Brunei.  When  the  talents  of  such  men  were  exercised 
with  the  freedom  which  was  most  compatible  with  the  originality  of  their 
conceptions,  and  the  vast  resources  of  their  minds,  in  the  construction 
and  arrangement  of  the  most  useful  and  complicated  works,  it  was  almost 
impossible  that  they  should  not  lead  to  most  valuable  results.  Such  was 
particularly  the  case  during  the  ten  years  which  commenced  in  1798,  espe- 
cially in  the  dockyard  at  Portsmouth.  The  introduction  of  machinery  and 
steam  power  superseded  the  employment  of  the  physical  strength  of  men 

*  The  Endpmian  was  bnilt  on  the  lines  of  the  French  frigate  Pomane,  taken  in  the  year  1794, 
with  an  increased  breadth  of  about  8  Inches ;  and  her  sailing  qualities  and  efficiency  as  a  ship  of 
war,  haTO  rarely  been  surpassed. 

t  James's  Naval  History,  Vol.  XL,  appendix. 
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and  horses  in  raising  heavy  weights,  in  pumping  the  docks,  and  in  perform- 
ing  many  important  works  in  the  establishment,  in  which  they  have  since 
been  constantly  employed. 

Greneral  Bentham,  to  whom  the  service  was  much  indebted  for  these  im- 
provements, was  brought  up  to  the  profession  of  a  shipwright,  having  entered 
as  an  apprentice  in  Woolwich  dockyard  in  1771.  He  finished  his  term  of 
apprenticeship  in  the  dockyard  at  Chatham ;  and,  having  remained  a  year 
and  a  half  in  the  dockyards  studying  naval  business,  he  went  to  the  naval 
college  at  Portsmouth,  and  subsequently  travelled  in  foreign  countries,  ob- 
taining information  on  naval  architecture.  After  this  he  served  as  a  briga^ 
dier-general  in  the  Russian  service,  and  in  1791  obtained  leave  firom  that 
service  to  visit  the  principal  manufactories  in  this  country;  he  then  obtained 
permission  firom  the  lords  commissioners  of  the  admiralty  to  visit  the  differ- 
ent dockyards. 

He  re-entered  the  service  in  April,  1795,  and  was  made  inspector-general 
of  naval  works,  and  a  commissioner  of  the  navy.  Having  made  himself 
acquainted  with  the  best  methods  of  carrying  on  the  duties  at  the  various 
establishments  he  had  visited,  he  soon  recommended  the  introduction  into 
the  dockyards  of  a  system  of  machinery  for  facilitating  the  performance  of 
some  of  the  most  laborious  works  in  those  establishments.  But  at  this  time 
the  substitution  of  machinery  for  manual  labour  was  regarded  with  general 
distrust,  lest  it  should  interfere  materially  with  established  usages ;  and  an 
apprehension  prevailing  that  the  artificers  might  rise  in  opposition  to  the 
use  of  machinery,  firom  a  fear  that  it  would  diminish  the  need  of  their  skill 
and  labour,  the  greatest  caution  and  prudencewere  necessary  in  carrying  the 
measure  against  strong  and  general  prejudice.  This  was,  however,  gradu- 
ally overcome  under  the  judicious  policy  of  general  Bentham,  who  chose  to 
commence  his  course  of  improvements  by  the  introduction  of  machinery  on 
a  small  scale,  rather  than  hazard  the  consequences  of  a  general  opposition 
to  his  plans  on  the  part  of  the  workmen,  which  he  feared  might  be  excited 
by  any  very  bold  innovation  at  the  first  step. 

Amongst  the  earliest  establishments  of  machinery  was  the  erection  of 
saw-nulls  in  Portsmouth  dockyard,  which  was  performed  under  the  able 
direction  of  general  Bentham ;  and  as  he  conducted  his  designs  with  great 
prudence,  so  he  engaged  to  his  assistance  highly  talented  individuals, — and 
thus  his  best  plans  were  accomplished  in  the  most  elD&cient  manner.  The 
saw-mills  soon  gave  proof  of  their  own  value  to  the  service ;  and  a  convic- 
tion of  the  essential  excellence  of  machinery,  which  was  produced  by  that 
work,  constituted  a  good  foundation  for  a  just  estimate  of  machinery  in  gene- 
ral. Hence  other  valuable  works  were  subsequently  erected;  and  at  length 
steam  power  and  machinery  were  regarded  as  taking  rank  with  the  other 
essential  means  of  carrying  on  with  efiiciency  the  duties  of  the  dock-yards. 

Up  to  about  this  period,  the  use  of  machinery,  to  perform  the  heavy  work 
in  our  dockyards,  had  not  been  attended  to;  for,  notwithstanding  the 
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resources  of  the  country^  and  the  certainty  that  liberal  inducements  and 
encouragements  offered  by  government  would  call  into  activity^  and  engage 
in  inventive  enterprise,  minds  fully  adapted  to  supply  the  wants  of  the 
service  with  whatever  contrivances  and  mechanical  arrangements  were  re- 
quired,— ^yet  the  private  establishments  of  individuals  were  decidedly  in 
advance  of  these. 

The  introduction  of  machinery  marked  an  era  in  the  history  of  the  dock- 
yards of  England.  But  whilst  the  use  of  steam  power  and  machinery 
had  then,  and  has  ever  since  continued  to  have,  an  important  relation  to 
the  efficient  performance  of  the  duties  in  the  dockyards,  the  value  of 
machinery  in  those  establishments  remains  to  be  fully  developed  in  the 
maturity  of  a  steam  navy ;  so  that,  as  with  the  progress  of  this,  the  value  of 
the  former  rises,  its  present  importance  cannot  be  too  strongly  urged,  that 
it  may  advance  in  efficiency  in  proportion  to  the  magnitude  and  urgency 
of  the  duties  which  it  may  have  to  perform. 

Although  the  board  of  admiralty,  in  accordance  with  the  views  of  general 
Bentham,  appeared  determined  to  establish  the  use  of  machinery  in  the 
dockyards,  yet  there  were  various  objections  which  it  was  desirable  should 
be  overcome  by  a  reference  to  facts  of  experience,  particularly  with  regard 
to  the  safety  of  the  steam-engine.  It  was  therefore  proposed,  by  way  of 
trial,  to  set  up  a  steam-engine  at  Bedbridge  (a  small  yard,  which  general 
Bentham  had  used  for  the  building  of  his  vessels),  for  the  purpose  of  work- 
ing the  machines  which  he  had  invented.  This  suggestion  was  not,  how- 
ever, carried  into  effect;  but  shortly  afterwards,  sometime  in  the  year  1797, 
the  steam-engine  which  had  been  prepared  for  Bedbridge  was  set  up  in 
Portsmouth  dockyard,  and  employed  in  working  some  new  pumps  for 
pumping  the  docks ;  but  as  the  engine  was  required  only  occasionally  for 
this  purpose,  other  machinery  was  put  up  to  be  worked  by  the  same  engine. 

As  the  quantity  of  machinery  was  increased,  he  formed  and  proposed  a 
plan  for  improving  the  knowledge  of  practical  mechanics,  by  the  introduc- 
tion of  a  regular  establishment  of  millwrights  into  the  dockyards ;  and  in 
the  course  of  carrying  out  the  general  design  for  improving  these  esta- 
blishments, the  metal-mills  were  erected  about  the  year  1805.  These  were 
suited  to  the  manufacture  of  all  kinds  of  metal  required  in  carrying  on  the 
works  of  the  service,  both  cast  and  wrought ;  and  the  result  of  this  was  a 
great  improvement  in  the  quality  of  the  metals  most  used  in  the  naval 
service,  with  the  advantage  of  an  annual  saving,  which  was  at  that  time 
estimated  at  about  £41,000.  The  improvement  in  the  manufacture  of 
copper,  for  the  sheathing  of  ships,  has  been  of  great  advantage  to  the  ser- 
vice ;  and  the  importance  of  this  branch  of  art  has  been  so  great,  that 
metal-mills  have  lately  been  erected  at  Chatham. 

But  amongst  the  improvements  in  the  dockyards,  at  the  close  of  the 
last  and  the  commencement  of  the  present  century,  that  which  showed  the 
most  remarkable  force  of  genius,  was  the  invention  and  employment  of  the 
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block  machinery  at  Portsmouth :  this  has  always  been  regarded  and  ad- 
mired as  one  of  the  most  refined  and  useful  applications  of  mechanical  art 
in  the  service.  The  model  for  this  machinery  was  made  by  Mr.  (since  sir 
Isambert)  Brunei ;  and  on  its  being  brought  under  the  notice  of  the  lords 
commissioners  of  the  admiralty^  it  was  referred  to  general  Bentham.  He 
at  once  saw  the  merit  of  the  invention^  and  without  hesitation  recommended 
it  to  the  government  as  a  means  by  which  blocks  could  be  made  with  the 
greatest  accuracy  and  uniformity ;  at  the  same  time  that  the  expense  would 
be  reduced  in  a  very  great  degree.  Upon  this  recommendation,  Mr.  Bru- 
nePs  machinery  was  ordered  to  be  constructed ;  it  was  therefore  taken  ia 
hand  in  1802,  and  completed  in  1808;  and  Mr.  Brunei  received,  as  a  com- 
pensation for  his  invention,  £20,000 ;  a  sum  which  was  then  considered  to 
be  one  year's  saving,  and  an  equivalent  for  his  time  and  labour  during  the 
erection  of  the  machinery. 

The  block  machinery  was,  however,  only  a  part  of  a  system  in  which 
machinery  superseded  manual  labour  in  the  working  of  wood  :  this  system 
included  the  wood-mills,  in  which  articles  of  considerable  variety  were  made, 
and  in  which  sawing  machinery  was  set  up.  A  second  engine  has  since 
been  set  up,  to  be  employed  in  case  of  accident,  and  as  auxiliary  in  the 
event  of  its  being  so  required. 

But  the  perfection  of  dockyards  does  not  consist  alone  in  the  extent  of 
their  machinery,  and  other  means  for  the  performance  of  the  various  works 
by  which  the  navy  is  kept  up ;  a  collateral  and  essential  part  of  perfection 
consists  in  the  extent  and  arrangements  of  their  docks,  building-slips,  and 
basins,  and  the  contiguity  of  the  workshops,  saw-pits,  timber-sheds,  and 
stores,  to  them.  The  want  of  basins  and  wet-docks  was  most  severely  felt 
in  all  our  dockyards,  for  fitting  out  ships  in  the  time  of  war ;  and  the  urgent 
necessity  of  such  facilities  for  the  repair  and  fitting  out  of  ships  would  be 
much  more  felt  with  a  steam  navy,  as  it  is  always  desirable  to  bring  these 
vessels  as  near  as  possible  to  the  factories,  for  fitting  and  repairing  their 
machinery.  And  it  must  be  an  object  of  strong  and  growing  interest  with 
the  nation,  to  contemplate  the  increasing  energy  with  which  those  arrange- 
ments are  being  made  and  brought  to  completion.  The  metal-mills  at 
Portsmouth,  the  lead-mills  at  Chatham,  the  introduction  of  machinery  at 
the  smitheries,  the  factories  and  basins  at  Woolwich,  and  the  steam-basins 
at  Portsmouth  and  Plymouth,  with  the  other  improvements  at  Chatham,  are 
all  contributing  to  the  completeness  of  these  arrangements,  and  rendering 
their  important  aid  in  facilitating  the  various  operations  in  our  naval  arsenals. 

It  is  intended  to  notice  only  a  very  few  of  the  improvements  which 
general  sir  Samuel  Bentham  introduced  into  the  service.  But  amongst 
these  maybe  mentioned  the  construction  of  caissons,  or  floating  dams;  and 
the  first  caisson  that  it  was  proposed  to  build  in  England  was  that  at  the 
entrance  of  the  great  basin  in  Portsmouth  dockyard,  in  the  year  1798,  and 
which  was  completed  in  June,  1801 .   Caissons  had  been  used  for  some  years 
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in  foreign  dockyards ;  but  they  were  of  a  different  construction^  and  were  sunk 
by  being  charged  with  ballast.  But  those  constructed  by  general  Bentham 
have  arched  sides  (fig.  1)  meeting  at  the  apex^  [fig.  2)  at  the  lower  part. 
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The  stems  and  keel  are  formed  to  fit  into  a  groove  in  the  masonry  of  the 
piers,  so  that  they  shall  be  forced  against  the  side  of  the  groove  by  the  direct 
lateral  pressure  on  the  opposite  side,  whether  the  greatest  elevation  of  the 
water  is  on  the  outside,  or  in  the  basin  or  dock ;  and  thus  the  passage  of 
the  water  in  either  direction  is  prevented.  The  caisson  is  furnished  with 
pumps  and  a  penstock ;  and  when  it  is  intended  to  raise  the  caisson,  the 
water  is  let  out  at  low-water,  and  the  penstock  shut  down,  the  water  in 
the  penstock  below  low  water-mark  is  pumped  out.  When  the  caisson  is 
required  to  be  got  into  place  again,  it  is  brought  into  the  groove,  and 
sunk  by  raising  the  penstock  to  admit  the  water. 

Considerable  opposition  was  made  to  the  building  of  this  caisson,  on  the 
supposition  that  it  would  not  answer  the  purpose  for  which  it  was  intended ; 
and  on  the  day  when  it  was  first  removed,  a  great  assemblage  of  persons 
appeared  anxious  to  witness  the  operation  :  amongst  them  were  the  prin- 
cipal authorities  in  that  branch  of  the  service,  and  many  naval  officers.  Ap- 
prehensions were,  however,  removed  by  decided  success ;  the  vessel  continued 
in  constant  use  for  nearly  half  a  century,  and  has  recently  been  replaced  by 
a  new  one  of  the  same  construction,  subject  to  some  trivial  deviation.  This 
fact  supplies  a  proof  of  the  unreasonableness  with  which  opposition  to  in- 
ventions is  often  urged ;  at  the  same  time  that  it  shows  how  safely  the  ap- 
plicatJODr-of  truly  philosophic^  pringiples  may  be  rehed  ,on.  This  invention, 
of  whicK  the  snitablenesfr  to-the  end  was  so  seriously  doubted,  hajs  verified  its 
own  merits,  and  has  been  appreciated  by  the  most  scientific  engineers  of  our 
own  country,  and  applied  to  uses  in  which  the  circumstances  are  similar. 

It  was  not  only  in  carrying  out  great  designs  that  general  Bentham  con- 
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thbuted  to  the  improvement  of  the  service ;  he  invented  many  usefid 
instruments  and  tools^  for  facilitating  the  operations  of  ship-bmlding : 
amongst  which  are  the  coaking  machines^  and  the  treenail  mooting  machines ; 
the  latter  of  which  have  been  of  great  advantage  in  giving  to  the  treenails 
an  accurately  cylindrical  form^  and  making  them  with  great  dispatch^  whilst 
their  value  as  fastenings  of  planks  has  been  also  much  increased.  The 
coaking  of  beams  and  masts  of  ships  h&s  added  very  greatly  to  the  simpli- 
city of  their  construction,  at  the  same  time  that  it  has  much  diminished 
the  labour  and  expense  of  making  them. 

General  Bentham  having  overcome  the  prejudice  against  the  use  of 
machinery,  had  yet  to  encounter  much  opposition  to  the  prosecution  of  his 
plans  of  improvement ;  for  the  construction  of  basins,  docks,  and  jetties,  was 
the  object  of  strong  objections,  urged  forcibly  on  the  grounds  of  danger, 
the  impracticability  of  execution,  and  the  final  inutility.  Previously  to  these 
improvements  being  introduced,  almost  all  the  ships,  on  being  fitted  out^ 
were  obUged  to  have  their  equipment  completed  afloat  in  the  harbour ; 
whereas,  by  the  use  of  deep  docks,  and  basins,  and  jetties,  ships  may  have 
their  equipment  completed  to  the  extent  of  the  draught  of  water,  and  can 
be  then  taken  into  the  harbour.  The  advantages  the  service  derived  from 
the  use  of  these  means  of  fitting-out  ships,  consisted  not  only  in  the  dispatch 
with  which  the  duties  could  be  performed,  but  also  in  a  saving  of  expense^ 
and  the  prevention  of  embezzlement ;  a  contingency  against  which  it  was 
formerly  very  difficult  adequately  to  guard.  It  was  by  the  enlightened 
views,  and  persevering  steadfastness  to  a  purpose,  which  characterized  gene- 
ral Bentham,  that  Portsmouth  dockyard  was  placed  so  decidedly  in  advance 
of  the  others;  and  the  same  course  of  prudent  poUcy,  in  carrying  on  im- 
provements, is  still  raising  those  establishments  to  increased  facilities  of 
usefulness  and  efficiency. 

General  Bentham  directed  his  attention  likewise  to  ship-building,  and 
endeavoured  to  introduce  a  new  system,  as  it  regards  both  the  form  of  the 
body,  and  the  forming  and  combination  of  the  structure ;  and  his  views 
were  carried  out  in  building  the  Dart  and  ArroWy  of  18  guns,  and  the 
Netley,  Milbroke,  Redbridge,  and  Elinffj  schooners,  from  the  year  1796  to 
1798,  of  the  following  dimensions : 
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The  peculiar  form  of  body  of  these  vessels  is  shown  in  fig,  1,  plate  20 ; 
and  the  peculiarity  of  the  various  parts  in  the  section  is  shown  in  plcAe  21. 
The  decks  were  without  sheer^  and  the  beams  were  secured  to  the  side  by 
a  thick  water-way  and  binding  strake^  which  were  scored  down  on  the 
beams^  and  bolted  through  the  side;  the  whole  acting  in  combination, 
similar  to  a  plan  practised  by  the  French.  But  their  transverse  strength 
depended  chiefly  on  the  athwartship  bulk-heads,  and  the  braces  which  con- 
nected the  two  sides.  The  frames  of  these  vessels  were  farther  apart  than 
usual,  and  of  small  scantling ;  whilst  the  outside  plank  of  the  bottom  was 
thicker,  and  more  so  at  the  keel,  and  oppositef  to  the  main  deck.  The 
planking  was  chiefly  of  oak,  except  at  the  lower  part,  where  it  was  of  beech 
or  elm ;  and  there  was  but  little  inside  planking.  The  vessels  were  built 
without  knees,  carlings,  or  ledges ;  and  it  was  considered  that  by[tlus  mode 
of  building,  a  saving  would  be  effected  of  one-third  of  the  materials,  whilst 
a  further  great  advantage  would  be  gained  by  the  use  of  smaller  timber; 
such  timber,  being  of  young  growth,  might  be  obtained  from  trees  which 
were  felled  to  thin  the  plantations  for  the  benefit  of  the  trees  which  were 
to  grow  to  maturity,  would  become  seasoned  in  a  shorter  period,  and  be 
rendered  therefore  cheaper,  and  also  more  durable. 

Under  the  lower-deck,  amidship,  in  the  Dart  and  Arrow ^  eight  tanks 
were  formed  on  each  side  in  the  body,  each  of  which  was  to  hold  forty  tons 
of  water.  They  were  lined  with  copper,  tinned  over ;  and  it  is  stated  that, 
after  two  years,  the  water  was  as  clear  and  as  sweet  as  it  had  been  at  the 
time  of  being  put  on  board. 

The  magazines  of  these  vessels  were  divided  by  partitions  of  copper,  tinned 
over,  for  the  purpose  of  safety;  so  that  water  might  be  let  in  without  in- 
juring the  powder. 

They  had  hawse-holes  at  each  end,  that  they  might  ride  in  narrow 
channels. 

They  were  armed  with  carronades,  on  the  non-recoil  principle ;  that  is, 
that  the  guns  should  not  recoil  farther  than  the  elasticity  of  the  breechings 
would  allow.  This  plan  of  fitting  guns  was  adopted  in  large  ships,  with 
18  and  32-poundcrs  on  the  quarter-deck  and  forecastles,  and  to  the  main- 
deck  of  flush-decked  ships ;  but  it  was  not  continued  long  in  the  service.* 

The  Dart  and  Arrow  were  rigged  as  ship-sloops,  carrying  somewhere 
about  the  quantity  of  canvas  which  was  carried  by  the  SOO-ton  ships  then 
in  the  navy.  They  had  taunt  lower-masts,  and  square  lower-yards,  with 
small  top-masts ;  and,  to  the  main,  a  fidded  royal-mast.  The  top-masts 
were  alike,  and  several  of  the  sails  were  of  the  same  form  and  size,  with 
the  view  to  their  being  substituted  for  each  other.  Their  tops  were  of  a 
peculiar  form,  and  well  suited  to  give  support  to  the  top-masts.  The 
Pomone  and  Stag,  frigates,  for  sometime  had  tops  of  very  similar  con- 

*  In  1804  oarronades  were  ordered  to  be  fitted  la  all  his  Majesty's  ships,  on  the  non- 
reooil  prineiple,  under  the  immediate  directions  of  brigadier-general  Bentham. 
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struction;  and,  although  they  were  continually  cruising,  they  never  carried 
away  a  top-mast  wliilst  they  had  these  tops. 

In  the  construction  of  these  vessels  considerable  genius  and  originality 
of  conception  were  displayed,  and  there  were  in  their  peculiarities  some  points 
of  decided  merit.  They  were  good  sea-boats,  and  sailed  remarkably  well; 
and  the  last  of  these  vessels  which  he  built,  the  iVie/^,  is  said  to  have  shown 
great  superiority,  especially  in  working  to  windward  in  blowing  weather. 

From  an  early  to  an  advanced  period  of  the  year,  England  was  kept 
constantly  under  the  apprehension  of  some  formidable  attempt  at  the  in- 
vasion of  some  part  of  her  territories.  And  a  perpetual  watchfulness  was 
maintained  until  a^ench  squadron  put  to  sea.  Ireland,  now  the  seat  of 
civil  disorder,  had  been  already  invaded  by  a  small  force  of  about  1000 
men  sent  from  France.  And  when,  about  the  middle  of  September,  a  squad- 
ron was  seen  to  put  to  sea,  its  destination  was  suspected,  and  its  course 
watched  to  a  considerable  distance  across  the  Atlantic.  This  vigilance  in- 
duced the  French  commander,  in  order  to  elude  the  observation  of  his  pur- 
suers, to  deviate  materially  from  his  proper  course,  and  occasioned  much 
loss  of  time.  Hence,  as  information  had  been  communicated  of  his  move- 
ments, his  appearance,  when  he  returned,  and  made  the  coast  of  Ireland^ 
was  provided  against,  and  his  aim  frustrated  by  a  squadron  of  ships  cruising 
on  that  coast.  It  was  near  the  middle  of  October,  when  the  enemy  was 
seen  approaching  the  north  of  Ireland ;  and  sir  John  B.  Warren,  com- 
manding the  English  squadron,  ordered  a  general  chase.  The  actions 
which  ensued,  brought  into  the  hands  of  the  English,  the  Hoche  of  74, 
the  Loire  and  Immortalite  of  40,  and  the  Coquille,  Embuscade,  Bellona  and 
Resolue  of  86  guns ;  leaving  only  two  frigates  and  a  schooner  to  return  to 
France.  But  the  prizes  had  been  so  resolutely  defended,  that  several  of 
them  were  reduced  almost  to  the  condition  of  wrecks  before  they  were  sur- 
rendered. The  attempt  at  landing  was  made  from  only  one  frigate  which 
had  separated  from  her  companions ;  but  this  attempt  was  quickly  per- 
ceived to  be  of  a  desperate  character ;  and  the  project  of  the  invasion  was 
necessarily  abandoned. 

But  the  naval  event,  wliich,  in  its  character  was  sufficient  to  distinguish 
not  only  the  year  but  the  age,  was  the  victory  of  the  Nile.  The  French 
having  made  great  preparations  at  Toulon,  of  the  intention  of  which  no 
intelligence  was  allowed  to  transpire,  rear-admiral  Nelson  was  sent  to 
gain  information  as  to  the  object  contemplated  in  those  preparations  ;  but 
having  been  unable  to  gain  any  satisfactory  account  respecting  the  course 
the  enemy's  fleet  had  taken,  he  judged  rightly  from  circumstances,  and 
sailed  directly  to  Alexandria  in  search  of  it :  but  there  it  had  been  neither 
wen  nor  heard  of.  Having  returned  to  Syracuse  without  gaining  any 
tidings  of  the  French,  Nebon  returned  up  the  Mediterranean,  and  on  the 
lit  of  August  he  arrived  off  Alexandria ;  but  they  were  not  there.     He 
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then  sailed  towards  Aboukir^  where  he  brought  them  to  an  engagement, 
and  gained  a  complete  victory  over  them — ^a  victory  to  which  he  considered 
the  term  conquest  more  appropriate.  The  engagement  resulted  immediately, 
in  the  destruction  of  the  Orient  of  a  hundred  and  twenty  guns,  and  a  36-gun 
frigate ;  and  the  capture  of  one  ship  of  eighty  guns,  and  seven  74-gun  ships, 
and  the  sinking  of  another  36-gun  frigate.  The  next  day  another  of  the 
enemy^s  80-gun  ships  was  taken  possession  of,  and  the  Timoleon  of  seventy- 
four  guns  was  destroyed  by  her  crew  to  prevent  the  EngUsh  from  capturing 
her  likewise.  A  naval  victory  of  equal  splendour  had  never  before  been 
gained  by  British  arms :  eleven,  out  of  the  thirteen  line-of-battle-ships 
with  which  the  French  began  the  action,  were  either  taken  or  destroyed,  as 
well  as  two  frigates ; — cleaving  to  the  vanquished  one  ship  of  eighty  guns, 
the  Gtdllaume  Tell,  one  of  seventy-four,  the  Genereux,  neither  of  which,  as 
they  were  in  the  rear,  had  been  engaged,  and  two  40-gun  frigates,  as  the 
remnant  of  their  fleet.  These  ships  sailed  out  of  the  bay  of  Aboukir,  on 
the  2nd ;  and  to  the  great  regret  of  Nelson,  he  had  not  the  means  of 
preventing  their  escape.  A  few  frigates  were  then  required,  and  the  victory 
might  have  been  perfect :  Nelson's  regret  at  thi»  deficiency  was  equal  to  his 
conviction  of  their  importance  on  such  an  occasion ;  but,  whilst  he  lamented 
the  escape  of  any  of  their  ships,  he  had  ample  ground  to  exult,  that  the 
extraordinary  victory  he  had  gained,  had  deprived  Buonaparte  of  the  power 
of  accomplishing  any  of  the  schemes  he  had  formed  in  dependence  upon 
his  fleet.  British  India  was  confidently  believed  to  be  the  next  object 
of  Buonaparte's  attack :  this  victory  must  therefore  have  rendered  India 
safe,  at  least  for  the  time  then  present ;  and  the  disaster  of  his  fleet  could 
not  soon  be  repaired. 

Several  of  the  prizes  were  afterwards  known  in  the  British  navy  by  differ- 
ent names :  the  74-gun  ship  Peuple  Souverain,  was  retained  at  Gibraltar 
as  a  guard-ship,  under  the  name  of  Guerrier,  as  it  was  thought  unsafe  to 
expose  her  to  the  contingency  of  rough  weather  in  a  voyage  to  England ; 
the  Tonnant  and  the  Conquerant  retained  their  original  names ;  the  Franks 
tin  was  named  Canopus;  the  ancient  name  of  Aboukir  was  given  to  the 
Aquilon,  in  honour  of  the  victory ;  and  the  Spartiate  retained  her  original 
name.  These  four  ships,  the  Tonnant/^  Canopus,  Spartiate,  and  Aboukir, 
were  nearly  new ;  the  last  was  rendered,  for  the  most  part,  unserviceable, 
by  the  damages  she  received  in  the  battle ;  the  three  others  were  still 
valuable  ships  in  the  British  navy,  built  of  superior  timber,  and  not  im- 
paired by  age.  The  Canopus  was  of  the  greater  burthen  of  the  two  80-gun 
ships  by  sixty-seven  tons,  although  she  was  not  so  long  on  the  gun-deck  by 
8  feet  8  inches.     Her  principal  dimensions  were :  length  on  the  gun-deck, 

*  The  TonnarU  was  rather  the  hurgest  ship,  being  ld4  feot  3  inches  in  length,  61  feet 
9^  inches  in  breadth,  and  2281  tons  burthen ;  but  the  form  of  the  Canopus  was  the  most 
approved,  and  several  80-gun  ships  were  built  from  her  lines. 
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193  feet  10  inchea ;  extreme  breadth,  51  feet  6|  inches ;  depth  in  the  hold, 
23  feet  4^  inches ;  burthen,  2,257  tons ;  and  the  length,  therefore,  8*76 
times  the  breadth.  She  was  a  very  fine  ship,  and  is  still  in  the  British 
navy. 

Daring  the  year  there  were  launched  at  the  govemment  dockyards  two 
ships  of  the  line,  the  Temeraire  of  ninety-eight  guns,  the  FoiuhroyarU  of 
eighty  guns,*  the  Diomede  of  fifty  g^ins,  and  an  armed  transport ;  and  at 
private  yards  there  were  launched  for  the  royal  navy,  seven  ships  of  seventy- 
four  guns,  viz. :  the  Northumberland  of  1907,  the  Renown  of  1899,  the 
Superb  of  1927,  UAchiUe  of  1930,  the  Ajax  of  1953,  the  Kent  of  1964,  and 
the  Dragon  of  1815  tons  burthen  ;t  a  36-gun  and  a  34-gun  firigate;  and 
two  sloops  of  eighteen  guns,  and  one  of  sixteen  guns :  and  there  were  pur- 
chased six  18-gun  sloops.  There  were  obtained,  also,  by  capture,  eight 
ships  of  the  line ;  besides  those  which  were  destroyed,  as  ordered  by  rear- 
admiral  Nekon,  after  the  battle  of  the  Nile.  On  the  otherh  and,  the  losses 
which  the  English  navy  had  sustained  within  the  same  period  were  by  no 
means  trivial,  although  there  had  been  captured  from  it  only  one  ship  of 
fifty  guns,  and  a  32-gun  frigate,  above  sloops  and  brigs,  of  which  three  were 
captured ;  whilst  there  were  wrecked,  foundered,  and  burnt,  one  ship  of 
seventy-four  guns,  one  of  forty-four,  two  frigates  of  thirty-eight,  two  of 
thirty-six,  two  of  thirty-two,  and  one  of  twenty-eight,  and  two  18-gun  and 
two  16-gun  sloops. 

These  events  produced  but  little  alteration  in  the  state  of  the  British 
navy.  The  aggregate  amount  of  line-of-battle-ships  had  increased  by  two, 
including  those  which  were  upon  the  stocks,  and  those  which  were  only 
ordered  to  be  built.  There  were,  however,  in  commission,  at  the  beginning 
of  1799,  about  twelve  or  thirteen  more  ships  of  the  line  than  there  had  been 
at  the  commencement  of  the  preceding  year,  but  this  increase  was  almost 
entirely  in  the  guard-ships  of  harbours,  &c. ;  but  the  cruisers  of  inferior 
rates  had  increased  by  nearly  twenty  sail,  and  the  entire  number  of  ships 
and  vessels  composing  the  British  navy  had  increased  by  twenty-six  sail, 
and  the  aggregate  burthen  by  26,291  tons. 
^  When  copper  sheathing  was  first  applied  to  the  bottoms  of  ships,  it  was 
•  soon  found  to  be  necessary  to  use  some  means  for  the  protection  of  the  iron 
I  fastenings  in  the  bottoms,  from  the  combined  action  of  the  salt  water  and 
the  copper;  and  for  this  purpose  t^e  inside  of  the  copi>er  sheathing  was 
coated.  To  improve  this  protection  it  was  ordered,  in  January  1779,  that 
tarred  paper  should  be  applied  between  the  copper  and  the  bottom ;  but 
when  copper  fastenings  became  used  in  ships'  bottoms,  it  was  considered 

*  The  Foudroyant  was  construoted  bj  sir  Jolrn  Hen8low,aiid  was  only  2062  tons  burthen. 

t  These  ships  were  a  laiger  class  of  two-decked  ships ;  the  Northumberland  after 
the  ImperieuXf  the  Renown  Mras  constructed  by  sir  William  Rule,  the  Superb  similar  to 
the  Pampee,  VAchWU  similar  to  the  Leviathan^  the  Ajaa  and  the  Kent  as  the  Triumph, 
and  the  Draqon  from  the  design  of  sir  William  Rule. 
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that  this  means  of  preservation  might  be  dispensed  with^  and  it  was  there- 
fore ordered  in  1796  to  be  discontinued.  In  1799,  however,  on  the  return 
of  the  Caroline  frigate  from  a  foreign  station,  and  her  being  taken  into 
dock  at  Woolwich,  it  was  found  that  a  treenail  hole  had  been  left  open,  but 
that  leakage  had  been  prevented  by  the  tarred  paper  which  had  been  put 
under  the  copper  sheathing.  The  paper  was  therefore  ordered  to  be  again 
used,  and  the  use  of  it  has  been  continued  ever  since ;  except  where  felt, 
canvas,  or  some  other  substance  has  been  occasionally  used  instead  of  it. 

The  supplies  voted  for  the  naval  service  of  the  year  were  a  hundred  and 
twenty  thousand  seamen  and  marines,  £729,063  for  the  ordinary,  and 
£693,750  for  the  extraordinary  expenses  of  the  navy;  whilst  the  other  sums 
voted  for  the  maintenance  of  the  seamen,  &c.,  the  wear  and  tear  of  ships, 
transport  service,  and  other  matters  immediately  connected  with  the  naval 
establishment,  raised  the  total  to  a  sum  exceeding  £13,654,000. 

The  British  fleets  in  the  Channel,  off  Cadis,  at  Gibraltar,  and  in  the 
Mediterranean,  accomplished  but  little  against  the  enemy  during  the  year. 
The  French  fleet  quitted  Brest,  and  passed  the  Straits  of  Gibraltar ;  the 
blockade  of  the  Spanish  fleet  at  Cadiz  was  then  discontinued,  that  the  ships 
engaged  in  that  service  might  be  employed  more  actively  in  the  Mediterra- 
nean ;  and  the  Spanish  fleet  took  immediate  advantage  of  that  alteration, 
got  to  sea,  and  entered  the  Mediterranean  likewise.  The  efforts  of  the 
English  fleets,  now  in  that  sea,  were  directed  to  the  preventing  of  a  junction 
of  the  French  and  Spanish  fleets,  but  without  success ;  and  these,  having 
united,  repassed  the  Straits  together,  and  arrived  in  safety  at  Brest,  in  the 
month  of  August,  followed  by  a  fleet  under  lord  Keith,  whose  advanced 
ships  arrived  sufficiently  near  to  discover  the  safe  position  of  the  enemy  the 
day  after  they  had  arrived  there.  They  remained  qui?t  in  that  harbour 
during  the  remainder  of  the  year,  watched,  but,  of  course,  not  interfered 
with  by  the  English. 

The  expedition  to  Holland  was  the  only  other  enterprise  of  magnitude 
that  was  engaged  in  by  the  navy  during  the  remainder  of  the  year,  and  the 
object  of  this  was  subordinate  to  military  designs ;  but  the  result  of  it  was 
highly  important,  as  it  related  to  the  condition  of  the  navy  of  that  country. 
The  expedition,  for  the  conveyance  of  troops,  left  England  under  the  com- 
mand of  vice-admiral  Mitchell ;  but  before  it  had  arrived  at  its  destination, 
admiral  lord  Duncan,  who  was  commanding  the  fleet  in  the  North  Sea, 
joined,  and  took  the  command.  His  cruising  had  confined  the  navy  of 
Holland  to  the  ports  of  that  country,  and  when  the  British  fleet  arrived, 
lord  Duncan  summoned  admii^  Story,  commanding  the  squadron  in  the 
Tcxel,  to  surrender  his  ships  for  the  service  of  the  prince  of  Orange :  to 
this  message  he  replied,  that  the  duty  he  owed  to  his  country  forbade  his  doing 
so,  and  that  he  should  certainly  defend  it  when  it  should  be  attacked.  A 
dissatisfaction  soon  prevailed  amongst  the  Dutch  crews,  and  when  the  sum- 
mons was  repeated  by  admiral  Mitchell  a  few  days  afterwards,  most  of  the 
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crewa  having  mutinously  refused  to  defend  their  ships,  they  came  into  the 
power  of  the  English  without  fighting.  But  the  inferior  character  of  the 
ships  thus  obtained,  rendered  the  acquisition  of  little  value  to  the  British 
navy,  as  few  of  the  prizes  were  deemed  by  the  English  fit  for  cruisers ;  for 
hitherto  the  Dutch  had  given  too  little  attention  to  the  improvements  which 
had  been  introduced  into  the  navies  of  other  European  countries,  by  the 
increase  of  dimensions,. which  had  raised  their  ships  to  a  general  and  pro- 
gressive superiority  :  an  improvement  of  which  the  value  became  the  more 
obvious  as  successive  instances  of  it  developed  new  advantages. 

Several  fine  and  valuable  prizes  were  captured  during  the  year.  Amongst 
these  may  be  mentioned  the  Forte,  which  was  captured  by  the  Sibylle,  in 
the  East  Indies.  This  was  a  superior  fiigate  of  the  largest  class,  measuring 
170  feet  on  her  gun-deck,  43  feet  3  inches  in  extreme  breadth,  and  about 
1,400  tons  burthen ;  her  length  was,  therefore,  3'93  times  her  breadth.  The 
Bordelais,  a  French  privateer,  mounting  twenty-four  guns  on  a  flush-deck, 
sixteen  of  them  long  brass  12-pounders,  and  the  remainder  brass  36-pounder 
carronades,  was  also  captured.  She  was  a  remarkably  fine  new  ship,  of 
625  tons  burthen ;  her  principal  dimensions  were  138  feet  6  inches  long  on 
the  gun-deck,  81  feet  9  inches  in  extreme  breadth,  and  15  feet  1  inch  deep 
in  the  hold,  with  a  length  4*36  times  her  breadth.  This  construction  ren- 
dered her  an  excellent  cruiser ;  she  was  deemed  one  of  the  fastest  sailing 
privateers  from  the  French  ports,  and  it  was  supposed  that  no  British  built 
ship  would  come  up  with  her  in  a  chase,  provided  there  were  a  good  wind. 
She  was  captured  by  the  Revolutionnaire,  a  38-gun  frigate,  which  had  been 
constructed  by  the  same  builder,  and  captured  by  the  English  in  1794;  and 
this,  it  was  said,  was  the  only  cruiser  in  the  British  service  from  which 
danger  was  apprehended  by  the  French  in  a  clmse. 

Upon  the  whole,  the  English  captured  from  the  French  navy  eight  frigates 
during  the  year ;  and  the  Leander,  of  fifty  guns,  which  had  been  taken  from 
the  English  in  1798,  was  restored  after  the  Turks  and  Russians  had  taken 
Corfu,  where  this  ship  was  lying.  Five  Spanish  34-gun  frigates  had  been 
captured  within  the  same  period,  and  twenty-four  Dutch  ships,  viz.,— one 
of  seventy-four  guns,  six  of  sixty-four,  three  of  fifty,  seven  of  forty-four,  one 
of  which  was  a  frigate,  one  of  forty,  one  of  thirty-two,  two  of  twenty-eight, 
and  three  of  twenty-four,  besides  brigs,  cutters,  gun-vessels,  &c. ;  but  a 
material  part  of  these  prizes  were  deemed  ineligible  for  the  service  of  the 
British  navy,  and  were  not  therefore  purchased  into  it. 

During  the  same  year  the  British  navy  lost  twenty-one  ships  and  vessels ; 
but  only  three  out  of  this  number  were  taken  by  the  enemy,  and  these 
were  a  10-gun  brig  of  a  hundred  and  twenty  tons,  a  6-gun  schooner  of 
seventy-one  tons,  and  a  small  gun-vessel  of  eighty-seven  tons.  Of  the 
rest,  one  foundered,  sixteen  were  wrecked,  and  one  was  destroyed.  The 
largest  of  these  was  the  Impregnabley  of  ninety-eight  guns,  a  ship  that  had 
been  launched  in  1786.     The  Sceptre,  of  sixty-four  guns,  which  had  been 
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launched  in  1781,  was  likewise  wrecked ;  the  others  which  were  lost  were 
firigates,  sloops,  hrigs,  and  other  small  cruisers  and  armed  transports ;  and 
ten  of  these  had  been  formerly  taken  from  the  French,  leaving  the  loss  of 
British  ships  comparatively  small. 

Three  38  and  two  36-gan  firigates  were  the  only  ships  launched  during 
the  year ;  one  of  the  latter,  the  Apollo,  in  a  private  yard.  The  three  38-gun 
frigates.  Active,  Hussar,  and  Amazon,  were  nearly  the  same  in  dimensions 
and  burthen;  the  greatest  difference  being  twenty  tons.  The  Hussar, 
which  measured  fifteen  tons  less  than  the  first,  and  five  more  than  the  last, 
was  1043  tons ;  being  150  feet  3  inches  long  on  the  gun-deck,  39  feet  6 
inches  in  extreme  breadth,  and  13  feet  9  inches  deep  in  the  hold ;  and  the 
relative  proportion  of  breadth  to  length  was  as  1 : 3'8.  The  differences  in 
the  principal  dimensions  were,  that  the  Active  and  Amazon  were  each  three 
inches  less  in  the  length  on  the  gun-deck,  and  the  former  was  four  inches 
more,  and  the  latter  one  inch  less,  in  extreme  breadth.  The  tonnage  of 
these  ships  was  about  the  same  as  that  which  sir  Thomas  Slade  and  sir 
John  Williams  had  given  to  the  50-gun  ships. 

At  the  beginning  of  the  year  1800  England  had  a  hundred  ships  of  the 
line,  seventeen  two-deckers  not  of  the  line,  and  three  hundi'ed  and  fifty- 
one  frigates  and  inferior  ships  and  vessels  in  commission  as  cruisers ;  a 
force  varying  in  a  very  small  proportion  from  that  which  had  constituted 
the  cruising  navy  of  England  at  the  commencement  of  the  preceding  year. 
At  the  same  time  there  were  twenty-four  ships  of  the  hne,  and  eighteen 
under  the  line,  chiefly  frigates,  either  immediately  under  repair,  or  lying  in 
harbour  waiting  to  be  repaired.  Nineteen  of  these  ships  of  the  line,  and  a 
hundred  and  twenty-five  of  those  under  the  line,  were  foreign  built ;  and 
the  entire  amount  of  the  British  navy,  including  those  which  had  been 
ordered  to  be  built,  and  those  which  were  unfinished,  was  one  hundred  and 
thirty-eight  ships  of  the  line,  of  314,557  tons;  three  hundred  and  forty- 
one  sail,  from  the  flush-deck  ship  of  fifty-six  guns,  down  to  the  14-gim  brig- 
sloop,  amounting  to  224,755  tons  ;  and  two  hundred  and  thirty-three  ships 
and  vessels  of  various  descriptions,  including  fire-ships,  gun-brigs,  bombs, 
cutters,  store-ships,  prison-ships,  armed  transports,  &c.  There  was,  there- 
fore, a  difference  of  thirty-five  ships  and  vessels  in  the  whole ;  a  diminution 
of  one  ship  of  the  line ;  an  increase  of  twelve  ships,  from  those  of  fifty-six 
guns  to  the  14-gun  sloop ;  and  of  twenty-four  in  the  other  descriptions  of 
ships  and  vessels ;  and  the  increase  in  the  aggregate  burthen  was  21,462 
tons. 

In  February  1800,  the  suppUes  for  the  service  of  the  navy  were  voted ; 
when  120,000  seamen  and  marines  were  granted  for  the  first  two  months, 
and  for  the  remaining  ten  months  the  number  was  to  be  reduced  by  10,000 
men.  The  sum  voted  for  the  ordinary  of  the  navy  was  J6806,939,  and  that 
for  the  extraordinary  expenses  of  the  navy  was  £772,140. 

The  year  opened  with  a  proposal  from  Buonaparte  as  First  Consul  of 
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France  to  his  majesty,  for  a  restoration  of  peace;  but  the  British  govern- 
ment refused  to  entertain  the  overture. 

Few  naval  events  of  general  interest  occurred  during  the  year.  The 
quietness  of  the  French  and  Spanish  fleet  in  Brest  harbour,  left  the  fleet 
in  the  channel  to  cruise  without  an  enemy  to  encounter;  and  in  the  Me- 
diterranean, the  chief  employment  of  the  fleet  was  in  the  blockade  of 
Malta.  As  it  became  apparent  to  the  French  that  they  would  be  ulti* 
mately  obUged  to  capitulate,  the  preservation  of  some  of  their  ships  lying 
at  that  island  was  regarded  as  a  matter  of  impor  tant  consideration.  The 
Guillaume  Tell,  a  fine  ship  of  80  guns,  was  sent  to  sea  in  the  most  favour- 
able circumstances  for  msilcing  her  escape ;  but  she  was  pursued,  and  cap- 
tured after  a  singularly  resolute  defence.  Her  name  was  afterwards 
changed  to  the  Malta,  on  being  taken  into  the  English  service.  The 
following  were  the  principal  dimensions  of  this  ship  :  length  on  the  gun- 
deck,  194  feet  4  inches;  extreme  breadth  51  feet  7^  inches;  depth  in  the 
hold,  23  feet  4  inches ;  burthen,  2265  tons ;  and  the  relative  proportions 
of  breadth  and  length,  were  as  1 :  8-76  :  one  of  the  two  frigates,  in  simi- 
larly attempting  to  escape,  was  also  captured ;  and  when  the  island  of 
Malta  was  surrendered,  the  ships  which  were  lying  there,  came  into  the 
hands  of  the  English. 

The  prizes  taken  from  the  French  during  the  year,  were  the  Gnillaume 
Tell  of  eighty  guns,  and  the  Genereux  of  seventy-four  gims ;  two  60-gun 
ships,  three  frigates  of  forty  guns ;  two  of  thirty-eight ;  two  of  thirty-six ; 
and  one  of  twenty-eight :  besides  smaller  vessels  and  privateers ;  some  of 
which  were  of  considerable  force ;  and  two  Spanish  34-gun  frigates,  which 
were  also  taken. 

The  English  navy  sustained  in  the  same  year,  a  considerable  number  of 
losses.  The  (iueen  Cfiarlotte  of  100  guns,  was  accidentally  burnt  on  the 
coast  of  Italy ;  the  Marlborough  of  seventy-four,  and  the  Repulse  of  sixty- 
four  guns,  were  wrecked  on  the  coast  of  France ;  the  rest  were  of  inferior 
rates :  and  it  is  a  remarkable  fact,  that  the  only  two  ships  which  fell  into 
the  euemy^s  hands,  were  a  20-gun  ship,  and  a  14-gun  brig-sloop, — ^their 
respective  crews  mutinying  and  carrying  them  into  Brest  and  Malaga. 
Sixteen  were  lost  accidentally,  and  six  were  lost  by  means  of  the  enemy ; 
nine  of  the  whole,  having  previously  come  into  the  hands  of  the  English 
as  prizes. 

Only  two  ships  of  the  line  were  laimched  during  the  year ;  these  were 
the  Spencer  and  Courageux^  of  seventy-four  guns.  The  former  of  these, 
measuring  1917  tons,  was  built  in  a  private  yard;  and  the  latter,  measu- 
ring 1772  tons,  at  Deptford.     The  Spencer  was  180  feet  10  inches  long  on 

*  The  Spencer  was  constructed  by  Monsieur  Barallier.  The  Courageux  was  not  found 
to  answer  ;  her  copper  was  raised  considerably  in  Long  Reach,  river  Thames,  and  owing 
to  her  being  very  uneasy,  she  had  her  poop  taken  off;  as  had  also  the  PlaiUarienet, 
which  was  launched  in  1801,  being  a  similar  shi;;>. 
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the  guiL-deck, — ^being  two  inches  less  than  the  other ;  49  feet  feet  3  inches 
in  extreme  breadth, — being  2  feet  l^inch  more  than  the  other;  and  21 
feet  10  inches  deep  in  the  hold, — ^being  2  feet  more  than  the  Courageux : 
and  her  length  was  3*67  times  her  breadth.  There  were  not  more  than 
four  or  five  ships  below  the  line  launched.  The  largest  of  these  was  the 
Leda  frigate  of  thirty-eight  guns,  and  1071  tons,  measuring  150  feet  2 
inches  in  length  on  the  gun-deck ;  4ld  feet  1  inch  in  extreme  breadth ;  and 
12  feet  9  inches  deep  in  the  hold :  her  length  was  3*74  times  her  breadth. 
The  others  were  36-gun  frigates ;  and  as  there  were  only  one  gun-brig 
sloop,  and  a  small  cutter  purchased  during  the  year,  most  of  the  increase 
which  the  British  navy  experienced,  was  realized  by  ships  and  vessels  cap- 
tured firom  the  enemy. 

But,  as  several  of  the  prizes  which  fell  into  the  hands  of  the  English 
were  not  deemed  fit  to  be  taken  into  the  service,  or  it  was  not  considered, 
under  existing  circumstances,  advisable  to  purchase  them,  the  number  of 
ships  in  the  British  navy,  at  the  beginning  of  1801,  was  very  little  greater, 
in  the  whole,  than  it  had  been  twelve  months  previously.  Seven  ships  of 
the  line,  and  as  many  of  inferior  rates,  were  all  the  increase  we  find  to 
have  taken  place. 

In  the  year  1800  was  formed  the  armed  neutrality,  a  combination  of 
Bussia,  Sweden,  and  Denmark,  to  prevent  the  searching  of  neutral  ships  by 
those  of  England  for  contraband  of  war.  England  insisted  on  her  right 
to  search ;  and  resolved  to  break  up  the  confederacy. 

When,  therefore,  the  supplies  were  voted  for  the  year  1801,  120,000 
seamen  and  marines  were  granted  to  serve  in  the  navy,  until  the  26th  of 
March ;  and  from  that  Jime  till  the  end  of  the  year,  the  establishment 
was  to  be  increased  by  15,000  men.  The  sum  voted  for  the  ordinary  ex- 
penses of  the  navy  was  i£842,418 ;  and  that  for  the  extraordinary  ex- 
penses, as  the  building  and  repair  of  ships,  and  other  works  connected 
with  this  service,  was  ^33,900.  These  sums,  with  those  voted  for  the 
wear  and  tear  of  ships  in  commission ;  for  transport  service ;  for  the  half- 
pay  of  officers;  and  for  the  maintenance  of  prisoners  of  war,  &c.,  ex- 
ceeded in  the  aggregate,  the  sum  of  £16,577,000. 

In  order,  then,  to  frustrate  the  designs  contemplated  by  the  armed  neu- 
trality, an  expedition  was  planned,  to  be  executed  as  soon  as  the  advance 
of  spring  should  render  the  navigation  of  the  Baltic  convenient.  For  this 
purpose,  a  fleet  was  assembled  in  Yarmouth  Roads,  consisting  of  fifteen 
ships  of  the  line,  and  a  considerable  number  of  frigates,  fire-ships,  and 
other  small  vessels ;  and  the  command  of  it  was  given  to  admiral  sir  Hyde 
Parker,  accompanied  by  vice-admiral  lord  Nelson,  and  rear-admiral  Totty. 
On  the  11th  or  12th  of  March,  the  fleet  put  to  sea,  and  proceeded  to  the 
Sound,  having  been  joined  by  three  other  ships  of  the  line ;  but,  soon 
after  leaving  Yarmouth,  admiral  Totty's  ship,  the  Invincible^  of  seventy- 
four  guns,  ran  upon  a  sand-banli,  and  was  lost. 
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An  ineffectual  attempt  was  made  by  negotiation^  to  detach  Denmark 
from  the  confederacy ;  and  the  fleet  then  proceeded  immediately  to  Co- 
penhagen. The  conduct  of  the  attack  was  entrusted  to  lord  Nelson, 
whose  ability^  as  a  naval  commander  and  as  a  diplomatist^  was  fully  dis- 
played with  consummate  success.  Great  difficulties  had  to  be  surmounted 
in  conducting  the  fleet  into  the  channel  leading  to  Copenhagen;  and  of 
the  detachment  of  the  fleet  which  was  sent  to  execute  this  service^  several 
ships  grounded;  and  were  unable  to  proceed.  The  rest  of  the  ships  were 
conducted  up  with  great  care  on  the  morning  of  the  2nd  of  April ;  and  as 
they  respectively  arrived  at  the  positions  assigned  to  tlipm^  they  were  an- 
chored by  the  stem.  The  defence  of  the  Danes  consisted^  according  to 
Campbell's  Naval  Ilistorj'^,  of  six  sail  of  the  line,  eleven  floating  batteries, 
from  twenty-six  24  pounders  to  eighteen  18  pounders,  and  one  bomb  ship, 
besides  other  vessels :  these  were  supported  by  the  Crown  Islands,  mount- 
ing eighty-eight  cannon,  and  four  sail  of  the  line  moored  in  the  mouth 
of  the  harbour,  and  some  batteries  on  the  Isle  of  Amak.*  James  states, 
however,  that  there  were  no  more  than  two  ships  of  the  line ;  those  which 
had  formerly  borne  that  rank,  but  were  now  dismantled,  though  as  effici- 
ently armed,  he  considers  not  to  have  belonged  to  that  class  of  ships. 

The  cannonade  began  at  ten  o^clock ;  and  was  maintained  with  great 
vigour  on  both  sides  for  a  long  time,  whilst  the  courage  of  the  Danes  ri- 
valled that  of  the  English ;  but  at  lialf-past  one  o'clock  their  fire  slack- 
ened, and  gradually  diminished  for  sometime  before  it  ceased.  It  did  not, 
however,  cease,  until  tlie  negotiation,  opened  by  lord  Nelson,  led  to  a 
statement  of  the  requirements  of  Great  Britain ;  and  when  these  require- 
ments were  enforced  by  the  communications  of  ^Nelson,  the  engagement 
was  discontinued,  by  the  surrender  of  the  Danish  ships, — ^allowance  being 
made  for  the  Enghsh  to  take  possession  of  such  as  had  already  struck  their 
colours.  Four  only  of  the  Danish  ships  or  floating  batteries  and  vessels 
escaped  the  British ;  and  one  of  these  afterwards  sank ;  but  most  of  those 
which  were  taken  possession  of  were  found  to  be  unserviceable,  and  were 
destroyed  by  the  English  before  they  left  Copenhagen ;  and  the  only  ship 
they  brought  away,  was  the  Holstein  of  sixty-four  guns :  but,  the  victory 
thus  obtained  was  dearly  purchased,  tlu*ough  the  very  steady  and  brave 
resistance  of  the  Danes. 

The  consequence  of  this  victory  was,  however,  such  as  had  been  con- 
templated in  sending  out  the  fleet.  The  confederacy  was  broken ;  Russia 
soon  expressed  a  wish  for  a  continuance  of  friendly  relations  with  England ; 
and  Sweden  fell  in  with  the  object  of  the  English,  and  an  amicable  inter- 
course was  maintained  between  Great  Britain  and  that  kingdom. 

England  was  soon  again  thrown  into  alarm  by  extensive  preparations  on 
the  part  of  the  French  for  an  invasion.     These  preparations  consisted,  to 


Campbeirs  Naval  History,  Vol.  YIL,  p.  536. 
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a  great  extent,  of  boats  for  the  conveyance  of  troops ;  and  the  assemblage 
of  them  at  Boulogne  was  called  a  flotilla. 

Lord  Nelson  having  returned  from  the  Baltic,  was  appointed,  in  the 
summer,  to  command  the  squadron  with  wliich  the  destruction  of  the 
flotilla  was  to  be  attempted.  He  sailed  from  the  Downs  about  the  end  of 
July,  and  early  in  August  he  made  some  vigorous  attempts  at  destroying 
these  boats ;  but  they  had  been  rendered  so  secure  by  the  precautions  of 
the  French,  and  their  defensive  arrangements,  that  that  great  commander 
was  obliged  to  desist,  without  having  accompUshed  his  object. 

In  the  Mediterranean  the  employments  of  the  British  fleets  were  gene- 
rally successful.  The  remnant  of  the  French  army  in  Egj'pt,  having  been 
obliged  to  capitulate,  were  conveyed  to  their  own  country ;  and  the  fleet, 
in  the  western  parts  of  that  sea,  was  engaged  in  harrassing  both  the  French 
and  Spanish  fleets,  and  in  frustrating  their  designs  against  the  interests  of 
England. 

The  prospect  of  peace  was  now  unfolding ;  the  restoration  of  that  order 
of  things  appeared  most  necessary  to  the  interests  of  Europe  generally ;  and 
the  preliminary  articles  of  peace  between  England  and  France  were  signed 
at  London,  on  the  1st  of  October ;  these  were  ratified,  and  the  ratifications 
exchanged  a  few  days  afterwards ;  and,  on  the  12th  of  the  same  month,  a 
proclamation  was  issued  for  the  discontinuance  of  all  hostile  operations, 
and  the  definitive  treaty  was  signed  at  Amiens,  on  the  27th  of  March,  1802.* 

In  the  same  work  is  given  the  following  table,  as  a  summary  of  French, 
Dutch,  and  Spanish  ships  lost,  taken,  and  destroyed,  from  the  commence- 
ment of  the  war  in  1793  to  October  1801  : 

French.  Dutch.  Spanish.  Total. 

Ships  of  the  Une     .           45  25  11  81 

Fiflies   ...             2  1  0  3 

Frigates          .         .         133  31  20  184 

Sloops,  &c.     .         .         IGl  32  55  248 


Total         516t 

The  result  of  the  war  to  the  navies  of  the  belligerent  powers  during  the 
last  year  of  its  continuance,  may  be  stated  to  be,  the  loss  to  the  French  of 
one  ship  of  seventy-four  and  one  of  sixty-four  guns,  one  frigate  of  forty- 
four  guns,  two  of  forty,  one  of  thirty-eight,  four  of  thirty-six,  and  three  of 
thirty-two ;  one  of  the  last  frigates  having  been  formerly  a  British  frigate, 
which  had  been  captured  in  the  early  part  of  the  year;  leaving  therefore  the 
loss  of  French  ships  at  twelve  of  different  classes ;  all  these,  except  one 
36-gun  frigate,  were  captured  either  by  the  English  alone,  or  by  them  in 
connexion  with  the  Turks,  when  their  squadrons  were  united  in  the  East. 

♦  Campbell's  History,  Vol.  VII.,  p.  Ml.  t  Ibid,  p.  552. 
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Spain  lost  two  112-gun  ships^  which  were  burnt  whilst  the  English  were  in 
chase  of  them ;  a  34-gun  frigate,  which  sank  in  consequence  of  the  injury 
she  had  sustained  at  the  same  time ;  and  a  30-gun  xebec,  which  was  cap- 
tured hj  the  Speedy,  a  14-gun  brig.  The  loss  of  England  was  severe :  it 
amounted  to  three  74-gun  ships;  two  of  which  were  captured  by  the 
French,  and  the  other  was  wrecked ;  a  frigate  of  forty-four  guns,  one  of 
thirty-six,  and  four  of  thirty-two ;  one  20-gun  ship ;  three  18-gun  ship- 
sloops;  one  16  and  one  14-gun  brig-sloops;  two  gun-brigs;  a  12-gun 
cutter;  a  bomb- vessel;  a  fire-ship;  and  a  troop-ship.  One  of  the  82-gun 
frigates  was  captured  and  afterwards  retaken,  as  already  mentioned;  the 
14-gun  sloop,  12-gun  brig,  12-gun  cutter,  the  fire-ship,  and  the  bomb- 
vessel,  were  captured  by  the  French ;  the  others  foundered,  were  wrecked, 
or  otherwise  accidentally  destroyed :  the  total  loss,  then,  was  twenty-one 
ships  and  vessels  of  all  classes. 

During  the  year  no  more  than  three  ships  of  the  line  were  launched ; 
two  36-gun  frigates,  twenty  12-gun  brigs,  and  two  advice-boats  were  also 
launched;  and  a  small  number  of  ships  below  the  line  were  purchased ;  but 
the  aggregate  numerical  amount  of  the  navy  was  but  little  altered  by  the 
changes  which  took  place  within  the  year. 

When  peace  was  restored,  the  naval  establishment  was  considerably  re- 
duced ;  but  confidence  in  the  stability  of  this  peace  soon  yielded  to  the 
fear  of  renewed  hostilities,  and  the  naval  establishment  was  increased  again 
before  the  end  of  1802. 

Whatever  may  have  been  the  consequences  of  the  war  of  the  Revolution 
to  the  general  interests  of  England,  it  was  productive  of  some  beneficial 
results  in  relation  to  her  navy.  To  a  great  extent  it  had  been  a  naval  war; 
and  in  carrying  on  its  operations,  the  English  ships  had  been  frequently 
brought  into  collision  with  ships  of  the  enemy  whose  superiority  could  not 
be  denied ;  a  superiority  wliich  was  the  result  of  a  greater  regard  to  scien- 
tific principles  in  the  construction  of  them.  To  a  great  extent  the  French 
ships  were  larger  in  relation  to  their  force  than  the  English  ships,  and  hence 
there  was  introduced  into  the  British  navy  a  material  alteration  in  the  di- 
mensions and  burthen  of  the  ships  which  composed  it.  This  was  particu- 
larly the  case  with  the  superior  classes  of  frigates,  which  constituted  a  highly 
important  part  of  the  French  as  well  as  of  the  British  navy.  In  addition 
to  the  greater  dimensions  and  burthen,  the  French  ships  were  commonly 
good  sailers ;  and  to  that  superior  property  the  preservation  of  numbers  had 
been  owing  when  chased  by  English  cruisers. 

During  the  year  1802,  the  naval  establishment  was  gradually  reduced 
to  a  very  great  extent :  in  line-of-battle-ships,  from  a  hundred  and  four,  to 
thirty-two,  and  the  number  of  cruisers  below  that  rank  was  very  much 
diminished ;  but  the  number  of  ships  in  ordinary  was  of  course  much  in- 
creased, and  the  obvious  result  of  so  long  and  constant  a  service  as  that 
in  which  the  fleets  and  cruisers  of  Great  Britain  had  been  employed^  was 
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an  accumulation  of  old  ships^  to  a  great  extent^  if  not  wholly^  unfit  for 
further  employment  at  sea.  There  were,  accordingly,  at  the  close  of  the 
war,  many  ships  to  be  either  converted  into  other  classes,  or  removed  from 
the  establishment  altogether,  by  sale,  or  by  being  broken  up.  Seventeen  ships 
of  the  line  were  converted  into  other  classes  of  ships  during  the  year,  and 
four  were  either  sold  or  taken  to  pieces;  the  largest  of  these  was  the 
Commerce  de  Marseille ;  eleven,  under  the  line,  were  converted  into  other 
classes ;  and  a  hundred  and  eleven  were  sold  or  broken  up.  In  the  same 
period,  one  ship  of  seventy-four  guns,  and  two  of  fifty,  were  launched. 
These  were  the  most  material  alterations  that  took  place  in  the  British 
navy  during  the  year  1802. 

The  commencement  of  the  year  1803,  held  out  the  prospect  of  renewed 
hostilities  between  England  and  France ;  but  the  circumstances  relating  to 
the  possession  of  Malta,  which  rendered  a  new  war  highly  probable,  had  not 
yet  become  so  fully  developed  as  to  lead  to  any  immediate  preparation  for 
the  event.  But  it  was  not  long  before  the  prospect  of  war  became  more 
decisive ;  and  from  the  number  of  50,000  seamen  and  marines,  that  had 
been  granted  to  serve  in  the  navy,  the  number  was  increased,  first  to 
60,000,  and  afterwards,  in  June,  to  100,000  men.  The  sum  voted  for  the 
ordinary  expenses  of  the  navy  was  £1,228,238,  and  that  for  the  extraordi- 
nary expenses,  as  the  building  and  repair  of  ships,  &x;.,  was  £901,140 ;  and 
the  other  sums  granted  for  the  naval  service  of  the  year,  made  up,  with 
these,  the  total  sum  of  £10,211,378. 

Early  in  the  spring,  the  British  government  appears  to  have  determined 
on  wax;  and  on  the  18th  of  May,  a  declaration  of  it  was  made  against 
France.  At  this  time  France  was  taking  active  measures  to  prepare  for  the 
renewal  of  hostilities ;  an  event  which  Buonaparte  had  been  contemplating 
since  the  winter,  but  which  he  was  not  ftJly  prepared  for  when  it  occurred. 

When  war  was  determined  on,  the  ports  and  dockyards  of  England 
were  rendered  busy  by  the  fitting  out  and  repair  of  ships.  Twenty-eight 
sail  of  the  line  had  been  put  into  commission  by  the  end  of  May,  besides 
a  proportionate  number  of  ships  of  inferior  force.  In  addition  to  this, 
repairs  were  going  on  rapidly  upon  all  classes  of  vessels ;  whilst  it  was  seen 
to  be  desirable  that  the  number  of  convenient  cruisers  should  be  increased ; 
and  orders  were  accordingly  given  for  the  building  of  one  88-gun  frigate ; 
fourteen  large  16-gun  ship-sloops  ;  and  six  large  18-gun  brig-sloops. 
Three  74-gun  ships  were  likewise  ordered  to  be  built. 

The  day  before  the  declaration  of  war  was  issued,  a  strong  fleet,  amounting, 
in  ships  of  the  line  and  frigates,  to  about  a  hundred  sail,  under  the  command 
of  admiral  Comwallis,  left  England  to  cruise  off  the  coast  of  France  to  watch 
the  motions  of  the  fleet  lying  at  Brest  :  but  the  navy  of  France  was  yet 
unprepared  to  enter  into  the  contest ;  it  was  distributed  amongst  a  number 
of  ports ;  and  in  that  division,  each  part  was  too  small  to  be  formidable. 
The  employment  of  the  channel  fleet  consisted,  therefore,  principally,  in 
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watching  the  several  ports  in  which  the  French  ships  were  Ipng,  so  as  to 
prevent  a  rendezvous  of  these  ships  in  any  port  on  the  coast ;  and  the  year 
passed  away  without  any  memorable  event  resulting  from  the  disposition 
of  the  fleet  under  admiral  Comwallis. 

Immediately  on  the  issue  of  the  declaration  of  war^  lord  Nelson  hoisted 
his  flag  on  board  of  the  Victory  at  Portsmouth,  and  proceeded  to  take  the 
command  of  the  small  fleet  in  the  Mediterranean.  There  he  was  em- 
ployed in  watching  the  fleet  at  Toulon ;  but  as  that  fleet  was  not  yet  ready 
to  be  employed  advantageously,  it  remained  inactive  in  the  harbour  during 
the  year,  receiving  such  accessions  as  the  constant  building  of  new  ships  at 
that  port  could  supply. 

The  British  forces  employed  in  the  West  Indies,  were  successful  in  seiz- 
ing several  islands  belonging  to  the  French  and  Dutch  during  the  year ;  a 
74-gun  ship  and  four  40-gun  frigates  were  also  captured  in  the  West  In- 
dies j  and  on  other  stations,  the  British  cruisers  captured  or  destroyed  a 
small  number  of  other  cruisers  from  French  ports. 

During  the  year,  the  na\7  of  England  sustained  the  loss  of  twelve  frig- 
ates and  smaller  vessels ;  two  of  wliich,  the  Minerve  of  thirty-eight  guns, 
and  a  1 2-gun  schooner  were  captured  by  the  French, — ^the  former  having 
accidentally  run  ashore  upon  the  French  coast  j  and  an  18-gun  sloop  was 
captured  by  the  Dutch  at  Curagoa.  All  the  others  foundered  or  were 
wrecked  ;  but  only  half  of  the  entire  number  lost  were  British  built 
vessels. 

The  number  of  men  granted  for  the  service  of  the  navy  for  1804,  was 
the  same  as  had  constituted  the  establishment  during  the  latter  part  of  the 
preceding  year.  The  sum  voted  for  the  ordinary  expenses  of  the  navy,  was 
j61, 020,670;  and  that  for  the  extraordinary  expenses  was  £948,520.  The 
other  sums  granted  at  the  time  of  voting  the  supplies,  and  subsequently 
during  the  year,  made  up  a  total,  exceeding  £12,040,600. 

In  the  year  1 775,  it  was  ordered  that  with  the  view  to  expedite  the 
building  of  ships,  the  work  should  be  divided  into  articles  or  sections ;  and 
certain  sums  were  allowed  for  the  diff'erent  parts  of  work,  according  to  the 
rates  of  the  ships :  this  was  called  task  work ;  and  in  the  year  1784,  job- 
work  for  repairing  ships  was  ordered  to  be  introduced  into  the  dockyards ; 
but  as  it  was  strongly  opposed  by  the  workmen,  it  was  not  fuUy  carried  into 
effect  until  1798,  when  the  Gibraltar,  at  Plymouth,  is  said  to  have  been 
the  first  ship  repaired  under  this  system. 

Task  and  job-work,  with  a  well-digested  and  equitable  scheme  to  work 
from,  and  a  judicious  supervision,  would  be  beneficial  not  only  to  the 
general  interests  of  the  service,  by  ensuring  the  requisite  despatch  in  the 
execution  of  the  work,  but  likewise  to  the  workmen  themselves,  whose 
interests  and  exertions  would  thereby  be  essentially  united.  It  is  only  by  a 
bad  lystem,  in  which  too  much  detail  is  introduced  into  the  scheme  of 
prices  for  work^  that  task  work  is  rendered  objectionable,  inasmuch  as  it 
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offers  an  inducement  to  perform  work  unnecessarily^  with  a  view  only  to 
augment  the  sum  to  be  paid  for  the  execution ;  whilst,  if  the  work  were 
paid  for  in  the  gross,  there  could  be  no  inducement  to  destroy  substantial 
Work  for  the  sake  of  ha\Ting  it  to  repair,  as  it  has  often  been  stated  to  have 
been  done,  but  wliich  an  efficient  supervision  would  effectually  prevent. 

It  was  at  the  renewal  of  the  war  in  1803,  that  the  advantages  of  task 
and  job-work  began  to  be  appreciated*  For,  a  navy  which  had  grown  to 
a  magnitude  beyond  precedent,  required  for  keeping  it  in  repair,  exertion 
beyond  what  it  had  been  previously  necessary  to  make.  The  navy  to  be 
kept  in  repair,  consisted  of  177  ships  of  the  line,  and  593  ships  of  fifty- 
six  guns  and  under;  and  in  October  1805,  there  were  in  commission  12-1 
ships  of  the  line,  including  ships  of  fifty-four  guns  on  two  decks,  158 
frigates,  and  416  sloops  and  smaller  vessels,  including  those  which  were 
hired.^f^  During  the  period  of  this  war,  in  which  naval  enterprise  was  car- 
ried on  with  the  greatest  vigour,  the  duties  of  the  dockyards  required  the 
most  persevering  assiduity ;  and  then  the  activity  and  energy  of  both 
officers  and  men  were  devoted,  to  the  highest  pitch  of  physical  capability^ 
to  the  arduous  duties  which  devolved  on  them.  Yet  this  constancy  of 
labour,  including  every  Sunday,  could  not  keep  pace  with  the  pressure  of 
duties  which  the  employment  of  the  navy  imposed  on  the  dockyards.  It 
was  in  this  condition  of  the  public  service,  that  the  value  of  task  and  jol) 
work  was  the  most  fiilly  ascertained;  for  it  was  only  by  the  superior  exer« 
tions  which  this  system  called  forth  that  the  navy  was  maintained  in 
an  efficient  state,  and  rendered  capable  of  achieving  those  triumphs  which 
signalized  the  time. 

At  the  beginning  of  the  year  1804,  there  were  in  commission  as 
cruisers,  seventy-five  ships  of  the  line,  and  two  hundred  and  eighty-one 
ships  and  vessels  of  inferior  rates.  There  were  also  lying  in  ordinary  for 
sea-service,  forty  ships  of  the  line,  and  a  small  number  of  frigates,  and  in- 
ferior ships  and  vessels.  Nine  line-of-battle-ships,  and  eighteen  under  that 
rank,  were  in  commission  in  harbour  duty;  and  twenty-nine  ships  of  the 
line,  and  thirty-nine  below  the  line,  were  in  ordinary. 

As  the  seaiton  of  1804  advanced,  an  important  duty  of  the  channel  ficct 
was,  to  watch  the  movements  of  the  French  along  their  coast ;  an4  es- 
pecially in  relation  to  the  preparations  which  were  in  progress  for  the 
invasion  of  England.  These  consisted  of  gun-boats,  flat-bottomed  boats, 
&e.,  which  had  been  accumulating  ever  since  the  preceding  year.     Great 

•  Enoydopaedia  Metropolitana,  Art.  Naval  Architectuie,  page  335 ;  and  according  to  the 
statement  in  the  same  work,  the  progressive  increase  was  as  follows :  — 

1795        1797        1799        1801 


Ships  of  the  Line                      145  161  176  180 

Of  Fifty  Guns  and  under  .      451k  530  627  684 

m^m^t^mt^  l^m^a^a^^  m^l^i^m^^  ^m^^^^^ 

Total  .        .               599  691  803  864 
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numbers  of  these  had  been  built  along  the  coast,  and  up  the  rivers  of 
France  j  and  sent,  as  opportunities  occurred,  to  the  general  rendezvous 
at  Boulogne :  and,  notwithstanding  the  special  attention  which  was  paid  to 
the  movements  relating  to  the  invasion  flotilla,  as  this  assemblage  of 
boats  was  called,  great  numbers  of  them  were  assembled  at  Boulogne ;  and 
the  defensive  arrangements  were  so  well  made,  that  they  defeated  the 
several  attempts  which  were  made  to  destroy  them, — ^if  not  wholly,  yet  to 
such  an  extent,  that  the  English  were  unable  to  do  anything  that  materi- 
ally affected  the  i»*ogress  in  the  preparation  of  boats.  These  were  the 
main  objects  of  dependence ;  for  though  a  fleet  of  ships  of  war  was  required 
in  connection  with  these,  yet  that  was  merely  as  a  protection  to  the  fleet  of 
boats.  But  no  attempt  was  made  during  the  year  to  employ  these  in  the 
service  for  which  they  were  designed. 

Lord  Nelson  continued  to  command,  in  the  Mediterranean,  a  fleet  which 
was  inefficiently  prepared  for  any  important  service ;  and  the  general  cau- 
tiousness of  the  fleet  lying  at  Toulon,  gave  liim  little  employment  beyond 
that  of  blockading  them  there.  Two  very  partial  encounters  served,  how- 
ever, to  diversify  his  service  on  that  station,  without  producing  any  mate- 
rial consequence.  It  was  not,  however,  only  the  port  of  Toulon  that 
claimed  the  attention  of  the  British  fleet.  The  doubtfol  character  of  Spain 
with  regard  to  the  war,  rendered  expedient,  a  strict  watchfulness  of  the  ma- 
ritime movements  of  that  country. 

War  was  declared  by  that  country  against  England  in  the  course  of  the 
year.  The  direct  cause  of  that  measure  was,  that  a  squadron  of  English 
frigates  had  been  sent  out  to  intercept  and  seize  four  Spanish  frigates 
loaded  with  specie  and  other  valuable  commodities,  on  their  return  from 
South  America.  One  of  these  frigates  was  destroyed  in  the  action,  and 
the  three  others  were  captured,  whilst  no  intimation  of  hostilities  on  the 
part  of  England  had  been  previously  given. 

Few  ships  of  force  were  captured  during  the  year.  The  French  prizes 
wMch  fell  into  the  hands  of  the  English  were  mostly  very  light  cruisers, 
privateers,  or  vessels  engaged  in  commerce.  Besides  the  treasure  ships, 
there  were  two  other  frigates  taken  from  Spain ;  and  one  was  captured 
fix)m  the  Dutch  in  the  West  Indies. 

The  British  navy  was  considerably  improved  during  the  year,  by  the 
launching  of  new  ships ;  only  three  of  these  were,  however,  of  the  line : 
the  Hibemia  of  one  hundred  and  ten  guns  and  2508  tons,  and  two  ships  of 
seventy-four  guns.  But  besides  these,  there  were  launched  for  the  service 
of  the  navy,  one  frigate  of  forty  guns,  one  of  thirty-eight,  and  four  of 
thirty-two ;  four  18-gun,  and  seven  16-gun  ship-sloops ;  thirteen  18-gun 
brig-sloops ;  forty-one  12-gun  brigs ;  and  twelve  4-gun  cutters.  On  the 
other  hand  the  navy  sustained  the  loss  of  a  considerable  number  of  ships 
and  vessels,  which  were  wrecked  and  otherwise  destroyed;  and  of  five 
sloops  and  smaller  vessels,  which  were  capturpd  by  the  enemy.     Two  ships 
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of  seventy-four  guns  foundered ;  one  of  sixty-four  guns  and  one  of  fifty 
were  wrecked ;  one  38-gun  frigate  foundered,  and  another  was  wrecked, 
as  was  also  one  of  thirty-six  guns ;  eight  sloops  and  brigs,  and  one  schooner, 
a  troop-ship,  and  a  receiving-ship,  were  wrecked ;  and  a  store-ship  waa 
burnt. 

The  increased  energy  in  the  management  of  the  affairs  of  the  navy,  had 
improved  the  effective  power  of  that  establishment  before  the  close  of  the 
year;  and  at  the  beginning  of  the  year  1805,  there  were  eighty-three  ships 
of  the  line  in  commission  as  cruisers,  and  three  hundred  and  ninety  ships 
and  vessels  under  the  line,  besides  a  small  number  of  troop-ships,  store- 
ships,  advice-boats  and  tenders,  and  gun-vessels.  There  were,  at  the  same 
time,  thirty-three  ships  of  the  line,  and  sixty-one  imder  the  line,  none  of 
which  were  below  a  16-gun  ship-sloop,  in  ordinary,  for  further  service  at 
sea.  There  were  also  eleven  ships  of  the  Une,  and  fifteen  below  the  line,  in 
commission  in  harbour  service,  and  twenty-eight  of  the  line,  and  forty-five 
below  that  rate,  lying  in  ordinary.  These  ships,  with  those  which  were 
upon  the  stocks,  and  others  that  had  been  ordered  to  be  built,  made  up  a 
total  of  one  himdred  and  eighty-one  of  the  line,  and  five  hundred  and  thirty- 
two  below  the  Kne.  This  number  did  not  include  troop,  store,  hospital, 
and  prison-ships,  &c. 

There  were  voted  for  the  service  of  the  navy  in  1805,  a  hundred  and 
twenty  thousand  seamen  and  marines,  the  sum  of  iBl,394,940  for  the  or- 
dinary expenses  of  the  navy,  and  that  for  the  extraordinary  expenses  was 
j61,653,690.  The  various  other  sums  granted  for  carrying  on  the  duties  of 
the  establishment  made  up,  with  these,  a  total  amount  of  £1^,035,630. 

All  this  appeared  to  be  required  for  the  navy,  in  the  circumstances  of 
danger  in  which  the  country  was  placed;  for  as  Spain  had  been  provoked 
to  declare  war  against  England,  there  was  the  greatest  reason  to  appre- 
hend that  the  fleets  of  that  country  would  be  united  with  those  of  France 
in  carrying  on  the  war  :  and  this  was  the  case ;  for  when  the  Spanish  war 
broke  out,  it  was  the  energy  and  decision  of  Buonaparte  that  subordinated 
the  fleets  of  his  ally  to  his  own  designs,  and  engaged  their  concurrence 
towards  carrying  into  effect  the  plans  which  he  had  already  formed.  The 
great  object  which  he  hoped  to  be  able  to  accomplish  within  the  year  was, 
the  invasion  of  England  by  the  means  of  his  flotilla.  The  preparation  of 
boats  which  constituted  this  force,  had  gone  on  increasing,  until  it  was 
sufficient,  according  to  his  views,  to  convey  across  the  Channel  an  army 
adequate  to  the  great  design  of  conquering  England ;  but  all  this  prepara« 
tion  was  useless,  unless,  by  some  means,  the  fleet  stationed  in  the  Channel 
could  be  diverted  firom  tins  object.  This,  then,  was  the  point  first  to  be 
aimed  at.  The  means  by  which  it  was  thought  the  Channel  could  be  freed 
from  any  obstruction  to  this  enterprise  was,  by  sending  the  French  fleets 
from  Brest  and  Toulon  to  the  West  Indies,  and  beguiling  the  British  fleets 
from  the  post  of  danger,  with  the  view  to  act  against  those  fleets  in  a  dis- 

L  2 
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tant  part  of  the  world.  Tlie  general  movements  of  the  fleets  were  directed 
by  Buonaparte^  and  the  opportunity  to  employ  the  flotilla  depended  upon 
the  successAil  performance  of  the  plan  which  had  been  devised  for  the 
service  of  the  fleets.  That  this  plan  would  be  firustrated  w^as  made  nearly 
certain,  almost  as  soon  as  any  attempt  was  made  to  carry  it  into  effect ;  for 
when  the  Brest  fleet  was  seen  endeavouring  to  get  to  sea,  the  British 
fleet,  which  was  cruising  at  a  convenient  distance  from  the  French  port, 
perceived  it,  and  an  engagement  was  avoided  by  the  French  fleet  returning 
into  port. 

The  fleet  lying  at  Toulon  was  to  sail,  to  co-operate  with  the  other  French 
fleet,  which  had  been  ordered  to  proceed  to  the  West  Indies ;  and  this 
fleet  was  watched  by  lord  Nelson.  In  the  attempt  made  by  this  fleet  to 
leave  the  Mediterranean,  several  of  the  ships  sustained  so  much  injury  by 
bad  weather,  that  the  whole  of  them  returned  to  Toulon.  Nelson  was  not, 
however,  aware  of  this  return;  but,  having  lost  sight  of  the  enemy's  fleet 
in  hazy  weather,  he  supposed  they  had  gone  with  a  favourable  wind  to 
Egypt,  and  proceeded  up  the  Mediterranean  in  search  of  them ;  and  as 
he  returned  from  the  east,  he  found  the  French  fleet  in  the  harbour  of 
Toulon,  still  undergoing  the  repairs  which  had  been  rendered  necessary 
in  the  unsuccessful  attempt  at  leaving  the  Mediterranean. 

A  temporary  absence  of  lord  Nelson's  fleet  shortly  afterwards,  placed  it 
in  the  power  of  the  French  admiral  to  put  to  sea;  and,  without  any  inter- 
ruption, he  succeeded  in  passing  the  straits  of  Gibraltar  early  in  April,  and 
anchored  in  the  bay  of  Cadiz,  where  he  was  joined  by  several  Spanish  ships. 
With  this  reinforcement  he  left  Spain,  and  arrived  in  the  West  Indies  be- 
fore the  middle  of  May. 

Lord  Nelson  sailed  on  the  same  route,  as  soon  as  he  had  been  able  to  gain 
some  intimation  of  the  probable  course  which  the  enemy  had  taken ;  and 
he  arrived  in  the  West  Indies  early  in  June.  The  French  soon  gained 
information  of  his  being  there,  and,  without  attempting  to  accomplish  any 
of  those  great  undertakings  against  the  British  colonies  which  had  been 
contemplated,  returned  hastily  to  Europe ;  where  they  arrived  without  in- 
terruption, early  in  July,  although  admiral  sir  Robert  Calder  had  been 
stationed  with  a  fleet  to  intercept  them.  Nelson  was  unable  to  gain  any 
certaui  intelligence  of  the  object  of  his  pursuit ;  but,  concluding  they  would 
not  remain  in  the  West  Indies  when  it  was  known  he  was  there,  he  also 
returned  to  Europe,  where  he  arrived  a  few  days  only  after  the  French 
fleet  had  arrived,  but  of  which  he  had  not,  however,  been  able  to  obtain 
any  intelligence. 

The  French  and  Spanish  fleet  was  tossed  about  by  stormy  weather  for 
some  time  upon  the  coast  of  Spain,  before  it  could  enter  a  harbour.  During 
this  time  the  fleet  under  sir  Robert  Calder  fell  in  with  it,  and  brought  it  to 
a  partial  engagement  on  the  22nd  of  July.  The  dense  state  of  the  atmo- 
sphere prevented  the  English  from  conducting  the  engagement  to  a  crisis ; 
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and  two  Spanish  line-of-battle-ships^  the  San  Raphael  of  eighty  and  the 
tlrme  of  seventy-four  gans^  were  the  only  prizes  that  were  taken. 

The  fleet  in  the  harbour  of  Brest  was  so  closely  watched  during  the 
summer^  that  although  so  much  importance  was  attached  to  its  being  able 
to  join  the  other  fleets  and  by  that  means  to  lead  the  British  fleet  clear  of 
the  channel,  no  opportunity  was  found  of  getting  to  sea ;  and  this  forced 
inactivity  imposed  on  the  emperor  of  France  the  necessity  of  leaving  unem- 
ployed the  invasion  flotilla,  to  the  contemplated  use  of  which  all  the  services 
of  the  fleets  were  deemed  subservient. 

As  the  combined  fleet  of  France  and  Spain,  which  had  recently  returned 
from  the  West  Indies,  and  had  been  engaged  by  sir  Robert  Calder,  entered 
first  the  harbours  of  Ferrol  and  Corunna,  and  afterwards  that  of  Cadiz,  all 
the  hopes  which  had  been  entertained  by  the  French  of  the  successful  em- 
ployment of  the  fleets  were  frustrated ;  and  no  prospect  remained  of  being 
able,  at  least  during  the  year,  to  land  an  army  on  the  shores  of  England. 

When  it  became  known  that  the  combined  fleet  had  entered  Cadiz,  vice- 
admiral  Collingwood  took  his  station  oflF  the  coast,  to  watch  whatever  move- 
ments might  be  made  by  that  fleet.  In  this  •Service  he  was  reinforced  by 
eighteen  sail  of  the  line  under  sir  R.  Calder,  for  whom  no  further  service 
now  remained  on  the  northern  coast  of  Spain.  With  a  force  so  augmented, 
vice-admiral  CoUingwood  held  his  station  at  a  convenient  distance  from 
the  coast,  for  gaining  early  information  of  any  movement  which  the  enemy 
might  make. 

On  the  28th  of  September  lord  Nelson  arrived,  and  took  the  command 
of  the  fleet,  which  now  consisted  of  twenty-seven  ships  of  the  line,  and  a 
few  firigates.  He  was,  however,  unwUling  that  this  change  should  become 
known  to  the  Spaniards ;  and,  maintaining  a  line  of  communication  with 
the  coast  by  means  of  frigates  and  larger  ships,  he  occupied  a  station  con- 
siderably distant  from  the  shore,  with  the  view  to  keep  the  Spaniards 
ignorant  of  the  number  of  his  ships ;  for  his  object  was  not  to  blockade 
the  fleet  in  the  harbour  of  Cadiz,  but  to  bring  on,  as  soon  as  possible,  a 
general  engagement.  In  the  meantime  he  hoped  to  be  reinforced  by  a 
strong  squadron  of  line-of-battle-ships,  and  he  feared,  also,  that  delay  in 
being  able  to  accomplish  his  designs,  might  bring  to  the  enemy  from 
Carthagena,  Rochfort,  or  even  from  Brest,  such  reinforcement  as  would 
give  them  a  more  numerically  important  superiority,  ia  the  event  of  his  not 
being  so  soon  joined  by  the  expected  squadron. 

Intelligence  was  communicated  early  in  the  month  of  October,  that  the 
combined  fleet  would  put  to  sea  so  soon  as  the  state  of  the  wind  and 
weather  should  be  favourable  for  doing  so.  This  was,  however,  sometime 
delayed ;  but,  in  order  to  be  ready  whenever  the  enemy  should  appear,  a 
plan  was  drawn  up  by  Nelson  for  conducting  the  engagement ;  but  it  was 
prepared  upon  the  assumption  of  having  his  fleet  increased  to  forty  sail  of 
the  line,  before  carrying  that  plan  into  effect. 
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On  the  19th  of  October  a  number  of  ships  left  the  harbour  of  Cadiz ;  but^ 
owing  to  the  want  of  wind^  the  remainder  of  the  fleet  did  not  get  to  sea 
until  the  next  day^  when  the  two  portions  of  the  fleet  united^  amoimting 
together  to  thirty-three  ships  of  the  line,  and  several  frigates.  Infcnma- 
tion  of  these  important  movements  was  communicated  to  the  English,  who 
were  ready  to  secure  all  the  advantage  it  should  place  within  their  power. 

On  the  morning  of  the  21st  the  combined  fleet,  which  had  been  first 
seen  from  the  British  fleet  on  the  previous  afternoon,  was  about  seven 
miles  to  leeward ;  and  Nelson  readily  determined  to  make  use  of  these 
relative  positions,  by  sailing  down  before  the  wind,  and  passing  through 
the  enemy^s  line.  The  quickness  with  which  this  might  be  done  was 
deemed  material,  as  that  would  prevent  the  enemy  from  retreating  into  the 
port  which  they  had  left.  The  British  fleet  was  formed  into  two  columns, 
led  by  lord  Nebon  and  vice-admiral  Collingwood ;  and  the  combined  fleet 
was  formed  into  a  curved  line,  or  rather  two  curved  lines,  the  ships  being 
irregularly  arranged,  and  the  whole  fleet  only  a  few  leagues  to  windward 
of  Cadiz. 

It  was  a  few  minutes  past  i!bon  when  the  great  battle  of  Trafalgar  was 
begun,  by  vice-admiral  Collingwood;  who,  at  the  head  of  his  line,  engaged 
with  very  destructive  efiect  a  Spaoish  first-rate,  and  for  some  time  his  ship 
had  to  bear  the  whole  fire  from  several  of  the  enemy's  ships.  In  the  mean- 
time Nelson  was  endeavouring  to  select  for  his  antagonist  the  French  vice- 
admiral  ;  but  no  flag  was  seen  from  the  Victory  which  would  determine 
such  a  selection.  As  the  Victory  advanced  towards  the  enemy's  line,  a 
most  heavy  fire  was  opened  upon  her ;  she,  however,  reserved  hers  until  it 
would  tell  with  effect,  and  in  passing  under  the  stern  of  the  Bedoutable, 
which  happened  to  be  the  ship  he  was  desirous  of  engaging,  he  poured  into 
her  so  destructive  a  raking  broadside,  that  nearly  four  hundred  men  were 
said  to  have  been  killed  or  wounded  by  it ;  and,  at  about  twenty-five  minutes 
past  one  o'clock,  whilst  the  Victory  was  in  close  action  with  that  ship. 
Nelson  received  a  shot  which  had  been  fired  from  the  mizen-top  of  the  JZe- 
doutable.  He  fell,  and  was  carried  below,  and  died  at  the  close  of  the  en- 
gagement ;  but,  though  disabled  and  dying,  he  retained  the  command  to 
the  close,  and  took  the  strongest  interest  which  the  ebbing  away  of  life 
would  permit,  in  the  progress  of  victory  to  its  conclusion.  Nine  French, 
and  eight  Spanish  ships  of  the  hne,  surrendered  to  the  English  during  the 
day ;  but,  owing  to  the  neglect  in  bringing  the  whole  fleet  and  the  prizes 
to  anchor  as  soon  as  the  battle  was  concluded,  several  of  the  prizes  were 
driven  ashore  and  wrecked.  These  were  the  Bucentaure  of  eighty,  the 
FougueuXy  the  Monarca,  the  Aigle,  and  the  Berwick  (formerly  English),  of 
seventy-four  guns.  The  Bedoutable^  of  seventy-four  guns,  sank  at  the  stem 
of  the  ship  which  had  her  in  tow.  The  English  ships  had  suffered  so  much 
in  the  loss  of  men,  that  they  were  unable  to  spare  efficient  prize  crews. 
The  Alg^siraSy  one  of  the  74-gun  ships  which  surrendered,  had  only  fifty 
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Englishmen  on  boards  although  she  had  been  dismasted.  The  unmangea- 
ble  state  of  this  ship  on  a  lee-shore^  in  stormy  weather^  left  to  those  who 
had  chaise  of  hero^o  other  prospect  than  that  of  perishing  by  shipwreck, 
unless  the  prisoners  were  released,  to  assist  in  rigging  jury-masts  and  work- 
ing  the  ship.  The  latter  expedient  was  of  course  chosen ;  the  prisoners 
were  released;  they  resumed  the  command,  and  worked  the  ship  into 
Cadiz ;  and  then  allowed  the  prize-crew  to  return  to  their  own  fleet.  The 
Sania^Anna  of  one  hundred  and  twelve  guns,  and  the  Neptune  of  eighty, 
both  Spanish,  were  recaptured  by  a  squadron  that  sailed  &om  Cadiz.  At 
the  appearance  of  this  squadron  the  British  ships  cast  off  their  prizes,  and 
formed  into  a  line ;  but  when  the  two  ships  had  been  recovered,  the  squad- 
ron returned  with  them  into  Cadiz. 

In  the  hazardous  condition  of  several  other  ships,  in  which  the  loss  of 
them  appeared  to  be  the  stronger  probability,  it  was  deemed  the  more  pru- 
dent course  to  destroy  them.  These  were  the  Santissima  Trinidad,  of  one 
hundred  and  thirty  guns,  the  Argonauta  of  eighty,  the  San  AugtAstin  and 
the  Intrepide  of  seventy-four.  The  Achille  was  burnt  before  possession 
could  be  taken  of  her,  after  it  had  been  signified  that  she  had  surrendered ; 
and  the  Spanish  ship  Rayo,  of  one  hundred  guns,  was  captured  three  days 
after  the  battle;  but  this  ship  was  afterwards  driven  ashore  and  wrecked. 

Only  one  of  the  ships  taken  from  the  French  was  preserved  and  brought 
to  England  as  a  trophy  of  victory,  and  that  was  the  Siviftsure,  of  seventy- 
four  guns,  formerly  an  English  ship ;  and  the  Spanish  74-gun  ships  the 
Bahama^  the  San  Ildefonso,  and  the  San  Juan  Nepomuceno,  were  all  that 
were  saved  to  England  out  of  the  great  loss  that  navy  had  sustained. 

The  French  lost  the  Indomptable  of  eighty  guns,  which  was  wrecked  near 
Cadiz  three  or  four  days  after  the  battle.  A  further  loss  soon  followed. 
Rear-admiral  Dumanoir-le-Felley,  in  the  80-gun  ship  Formidable,  accom- 
panied by  the  Mont  Blanc,  Scipion,  and  Duguay  Trouin,  of  seventy-four 
guns,  escaped  from  the  battle  of  Trafalgar;  and,  hoping  to  be  able  to  reach 
a  French  port  in  safety,  he  sailed  for  the  western  coast  of  France,  rath^ 
than  risk  the  meeting  of  an  English  squadron,  by  attempting  to  pass  through 
the  straits  of  Gibraltar.  He  was,  however,  fallen  in  with  by  a  British 
frigate,  which  communicated  the  intelligence  to  sir  Richard  John  Strachan, 
who  was  cruising  with  four  ships  of  the  line  and  two  frigates.  Chase  was 
immediately  given ;  but  before  the  squadron  could  come  up  with  that  of  the 
enemy,  two  British  frigates,  by  a  daring  pursuit  and  annoying  fire,  retarded 
the  flight  of  the  French  ships.  When  the  British  squadron  came  up  with 
the  objects  of  their  pursuit,  they  were  met  with  a  courageous  defence, 
which  was  maintained  until  all  hope  of  success  in  frirther  resistance  had 
disappeared ;  when  they  successively  surrendered,  and  were  brought  to 
England  as  prizes,  and  taken  into  the  service  of  the  British  navy.  The 
Duguay  Trouin  was  built  in  1798,  and  received  the  name  of  Implacable  in 
the  British  service,  and  the  Scipion  was  built  in  1800 :  these  were  the  only 
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two  of  the  prkes  that  served  as  cruisers.    Their  principal  dimensions  were 
as  follow : 


NAMES. 


Scipion  ... 
Implacable . 


Length  on 
gun-deck. 


Feet.     in. 

182     6 

181     0} 


Extreme 
Breadth. 


Feet.     in. 

48     8 
48     H 


Depth 
in  Hold. 


Feet.    in. 

20    4 
20     7 


Bozthen 
in  Tom. 


1884 


Proportion  of 

Brewlth 
to  Length. 


Ai 

1:3.75 


1882      1:3.70 


Several  French  frigates  and  large  privateers  were  captured  during  the 
year  by  the  British  light  cruisers :  amongst  the  former  of  these  were  the 
Didon  and  VUle-de-Milan  of  forty  guns. 

The  losses  of  the  British  navy  were  confined  principally  to  the  inferior 
rates  of  ships  of  war.  The  Calcutta,  of  fifty-four  guns^  was  captured  by  a 
French  squadron,  and  the  Sheemess,  of  forty-four,  was  wrecked  in  the 
East  Indies ;  one  36-gun  frigate  was  captured,  and  another  was  wrecked; 
and  several  sloops,  gun^brigs,  and  schooners,  were  also  lost :  making  a  total 
of  twenty-six  in  number,  of  which  nine  fell  into  the  hands  of  the  enemy. 
But  the  Arrow  sloop  sank  shortly  after  she  had  been  taken  possession  of; 
her  companion,  the  Acheron,  was  so  much  damaged  that  she  was  set  on  fire 
soon  after  she  became  a  prize ;  and  the  Cleopatre  was  re-captured  by  the 
Leander  a  few  days  after  she  had  been  taken,  at  the  same  time  that  her 
captor,  the  ViUe-de-Milan,  was  taken. 

During  the  year  the  number  of  British  cruisers  was  increased  by  seventy- 
eight  sail,  twenty-one  of  which  Vere  of  the  hne ;  and  at  the  commence- 
ment of  the  year  1806,  five  himdred  and  fifty-one  ships  and  vessels  were  in 
commission  as  cruisers,  one  hundred  and  four  of  which  were  of  the  line. 

Only  three  hne-of-battle-ships  were  launched  during  the  year  1805 : 
these  were  the  Ocean  of  ninety-eight  guns,  and  the  Revenue  and  Fame  of 
seventy-four  guns.  The  Ocean  was  of  2276  tons  burthen :  this  was  an  in- 
crease in  the  tonnage  in  this  class  of  ships,  since  the  building  of  the  Glory 
in  1788,  of  332  tons ;  and  the  seventy-fours  weqe  similarly  improved  in 
dimensions  and  tonnage.  There  were  also  launched  during  the  year  six 
frigates,  twenty-five  sloops,  twenty-five  gun-brigs,  and  thirteen  cutters; 
and  at  the  beginning  of  the  year  1806  there  were,  either  in  process  of 
building  Or  ordered  to  be  built,  twenty-six  ships  of  the  line,  and  a  hundred 
and  four  ships  and  vessels  of  inferior  rates :  a  fact  which  shows  the  estima- 
tion in  which  the  efficiency  of  the  navy  was  held,  and  the  hberality  with 
which  the  country  enabled  the  admiralty  to  carry  on  the  naval  service,  and 
to  maintain  that  establishment  in  an  efficient  state ;  and  the  signal  success 
of  the  navy  had  diffused  throughout  the  British  empire  a  more  intense  in^ 
terest  in  that  branch  of  power  wliich  had  realized  such  great  results,  whilst 
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the  defeat  of  the  French  and  Spanish  comhined  fleets  must  have  produced 
a  corresponding  depression  in  those  countries,  so  far  as  the  results  of  the 
war  depended  on  their  navies. 

The  naval  services  of  the  year  1806  were  provided  for  by  the  grant  of 
a  hundred  and  twenty  thousand  men,  including  seamen  and  marines;  the 
sum  of  £1,485,353  for  the  ordinary,  and  £1,980,830  for  the  extraordinary 
expenses  of  the  navy ;  together  with  such  other  sums  as  amounted  to  a 
total  of  £18,864,341  sterhng. 

The  employment  of  the  British  fleets  during  the  year  1806  was  not  such, 
however,  as  was  calculated  to  bring  the  war  to  a  crisis;  for  although  the  French 
and  Spanish  nations  retained  such  a  naval  power  as  would,  in  any  joint  opera- 
tion, have  been  very  formidable,  yet  the  ships  composing  those  navies  were 
lying  in  so  many  ports,  watched  or  blockaded  by  the  English,  that  general 
co-operation  was  not  in  their  power;  but  in  the  absence  of  the  British 
blockading  force,  a  strong  division  of  the  Brest  fleet  got  to  sea  in  the  month 
of  December,  1805.  This  division  separated  afterwards  into  two  squadrons ; 
one  of  which  consisted  of  five  ships  of  the  line,  two  frigates,  and  a  corvette, 
and  was  commanded  by  vice-admiral  Leissegues.  When  it  became  known 
that  this  event  had  occurred,  several  squadrons  were  sent  out  in  search  of 
the  enemy^s  squadrons.  That  under  vice-admiral  Leissegues  wfl^s  fallen  in 
with  and  brought  to  an  engagement  by  vice-admiral  sir  John  T.  Duck- 
worth, having  the  command  of  a  squadron  of  seven  ships  of  the  line.  Three 
of  the  French  ships  were  captured,  and  two  others,  to  avoid  a  similar  conse- 
quence, were  run  ashore,  where  they  were  destroyed.  The  other  squadron 
consisted  of  six  line-of-battle-sbips,  two  frigates,  and  two  corvettes,  and 
was  commanded  by  rear-admiral  Willaumez.  After  cruising  for  some  time 
in  the  Atlantic,  he  sailed  to  the  West  Indies  :  one  of  these  ships  returned 
thence,  and  arrived  safe  in  Europe ;  the  others,  in  endeavouring  to  carry 
into  effect  the  designs  which  had  been  formed  for  annoying  and  distressing 
the  English  in  their  transatlantic  possessions  and  commerce,  were  overtaken 
by  a  heavy  gale  of  wind,  which  separated  and  disabled  them,  and  one  of 
them  was  driven  ashore  upon  the  coast  of  America,  and  destroyed ;  the 
others  avoided  falling  into  the  power  of  a  British  squadron  which  was  cruis- 
ing in  the  West  Indies.  No  other  French  squadrons  of  equal  force  to 
these  became  cruisers  during  the  year,  and  only  one  other  ship  of  the  line, 
the  Marengo^  of  seventy-four  guns,  was  taken  from  the  French  during  the 
same  period. 

The  British  light  cruisers  were  very  active ;  but  the  French  were  as  cau- 
tious in  avoiding  them,  where  they  could  do  so :  and  this  careful  avoidance 
of  the  English  cruisers,  by  the  French,  ltd  to  great  activity  and  enterprise 
in  boat  attacks  along  the  coast. 

Several  of  the  French  frigates  which,  during  the  year,  became  prizes  to  the 
English,  were  very  fine  ships  :  and  most  of  them  had  a  great  relative  length ; 
for  swiftness  was  a  qualification  of  the  first  importance  to  the  light  cruisei*8 
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in  the  French  navy.  The  Belle  Poule  was  five  years  old^  151  feet  6  inches 
longi  39  feet  11  inches  wide^  1077  tons  burthen^  and  her  length  was  8*79 
times  her  breadth.  The  Guerriere,  which  was  built  in  1798,  was  4  feet  S 
inches  longer,  2  inches  narrower,  and  of  15  tons  greater  burthen  than  the 
Belle  Pouk;  with  a  length  3*9  times  her  breadth.  The  Alceste,Armi€k,  Immor^ 
talit^,  and  Gloire,  which  were  taken  at  the  same  time,  were  larger  than  most 
frigates  of  their  rate,  particularly  the  two  latter.  The  Immortality  y/rss  156 
feet  6  inches  in  length,  40  feet  7  inches  in  breadth,  1157  tons  burthen,  and 
her  length  was  3*85  times  her  breadth ;  and  the  Gloire  was  158  feet  2|  inches 
in  length,  40  feet  7|  inches  in  breadth,  1153  tons  burthen,  and  her  length 
was  3'86  times  her  breadth.  The  Prendente  was  of  nearly  the  same  dimen- 
sions, with  a  burthen  of  1148  tons. 

The  British  navy  lost,  during  the  year,  two  ships  of  the  line ;  one  of 
which,  the  Brave,  seventy-four,  foundered ;  and  the  other,  the  Athenien^ 
of  sixty-four  guns,  was  wrecked.  The  Constance,  of  twenty-two  guns,  was 
captured,  and  the  Heureujp,  of  the  same  force,  foundered.  AU  these  ships, 
together  with  seven  smaller  vessels,  out  of  the  seventeen  which  were  lost  to 
the  service,  were  foreign  built. 

The  number  of  British  cruisers  in  commission  was  increased  during  the 
year,  by  more  than  fifty  sail.  But  the  increase  consisted  entirely  of  ships 
below  the  line ;  and  the  line-of-battle  cruisers  had  diminished  in  number 
by  one  in  the  course  of  the  year. 

At  the  commencement  of  1807,  there  were  103  ships  of  the  line,  and  503 
ships  and  vessels  of  inferior  rates,  in  commission  as  cruisers ;  and  at  the 
same  time  there  were  twenty  of  the  line,  and  thirty-one  imder  the  line,  in 
ordinary  for  further  service  at  sea.  Thirty-six  ships  of  the  line,  and 
seventy-one  below  the  line,  were  in  process  of  building  or  ordered  to  be 
built ;  four  of  these  were  of  one  hundred  and  twenty  guns,  two  of  one 
hundred,  and  three  of  ninety-eight.  The  increase  in  the  navy  during  the 
year  1806,  consisted  chiefly  in  the  new  ships  which  were  launched ;  only 
two  of  these  were,  however,  of  the  line ;  there  were  three  frigates,  and  all 
the  rest  were  of  inferior  force.  Twelve  ships  of  the  line,  and  forty  of  in- 
ferior rates,  had  been  ordered  in  the  course  of  the  year  to  be  built ;  five 
and  twenty  of  these  were  18-gun  large  brig  sloops,  averaging  about  384 
tons,  built  from  the  design  of  sir  William  Rule,  as  the  Cruiser :  their  length 
was  100  feet  on  the  deck,  and  30*6  breadth  extreme,  and  they  were  found 
a  most  useful  class  of  vessel ;  they  carried  sixteen  32-poimder  carronades, 
and  two  long  6-pounders. 

The  supplies  voted  for  the  naval  service  were,  120,000  seamen  and  ma- 
rines for  the  first  month,  and  an  increase  of  10,000  men  for  the  remaining 
months.  The  sum  granted  for  the  ordinary  expenses  of  the  navy,  was 
£1,557,934 ;  and  that  for  the  extraordinary  expenses,  including  the  build- 
ing and  repair  of  ships,  and  the  performance  of  other  works  connectea 
with  that  branch  of  the  service,  was  £2,134,904.    The  whole  amount  of 
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the  sums  voted  for  the  different  branches  of  the  naval  service  for  the  year, 
exceeded  £17,400,000  sterling. 

The  invasion  of  Ireland  was  still  a  project  by  which  Buonaparte  con- 
templated the  distressing  of  England ;  but  it  was  considered,  by  the  British 
government,  that  he  would  require  aid  from  foreign  navies  to  make  the 
attempt  at  this  invasion  ;  and  the  expeditions  which  were  undertaken  in 
the  course  of  the  year  to  Constantinople  and  Copenhagen,  were  supposed 
to  have  been  made  with  the  view  to  cut  off  any  hope  of  naval  assistance 
firom  Turkey  or  Denmark,  either  for  such  a  purpose,  or  for  any  other  that 
might  be  similarly  subversive  of  the  interests  of  Great  Britain. 

England  and  Russia  were  in  alliance;  and  it  was  apprehended  that 
Turkey  was  so  far  under  the  influence  of  France,  as  to  be  induced  to  de- 
clare war  against  Russia ;  and  that  in  that  case,  the  Turkish  fleet  would  be 
employed  in  subservience  to  the  views  of  France. 

Early  in  the  year,  a  small  squadron  was  sent,  under  the  command  of 
rear-admiral  sir  Thomas  Louis,  to  reconnoitre  the  condition  of  the  Dar- 
danelles ;  and  before  this  squadron  returned,  another  was  sent,  under  the 
command  of  sir  John  Thomas  Duckworth,  to  force  the  passage  of  the 
Dardanelles,  and  to  demand  the  surrender  of  the  Turkish  fleet  to  the 
EngUsh.  In  the  event  of  their  refusing  to  do  that,  he  was  to  gain  pos- 
session of  it  if  he  could ;  and  if  that  should  not  be  found  practicable,  he  was 
to  destroy  it,  or  to  cannonade  the  city  of  Constantinople. 

On  the  19th  of  February,  the  British  squadron  passed  the  Dardanelles, 
without  sustaining  much  injury  in  the  passage  by  the  fire  from  those 
castles.  A  Turkish  squadron,  consisting  of  one  ship  of  sixty-four  guns, 
one  frigate  of  forty,  two  of  thirty-six,  and  one  of  thirty-two ;  two  corvettes 
of  twenty-two,  one  of  eighteen,  and  two  of  ten  guns ;  an  armed  brig,  and 
two  gun-boats ; — ^lying  a  short  distance  beyond  the  castles,  opened  their  fire 
upon  the  British  ships,  as  soon  as  they  had  approached  sufficiently  near. 
Sir  W.  Sidney  Smith  was  ordered  by  the  admiral  to  remain,  with  three 
ships  of  the  line  and  some  frigates,  to  return  this  attack  of  the  Turks. 
These  had  not  long  received  the  fire  of  the  English,  before  they  ran  seve- 
ral of  their  ships  ashore,  where  boats  were  sent  to  destroy  them.  A 
corvette  and  a  gun-boat  were  captured ;  and  all  the  rest  of  the  Turkish 
squadron  was  destroyed.  After  this  had  been  performed,  an  attack  was 
made  upon  a  strong  battery,  on  which  several  guns  were  mounted,  which 
threw  very  large  stone  balls :  the  place  was  stormed,  and  the  works  almost 
wholly  destroyed.  After  this,  the  squadron  proceeded  towards  Constan- 
tinople. 

Beyond  these  parts  of  the  service,  it  does  not  appear  that  the  expedi- 
tion to  Constantinople  was  conducted  with  the  vigour  which  was  requisite 
to  obtain  the  concessions  that  were  demanded ;  and  when  these  were  re- 
fdsed,  the  British  admiral  failed  either  of  enforcing  them,  or  of  gaining  for 
himself  the  condition  to  depart  without  molestation.     For,  without  having 
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accomplished  the  object  of  the  expeditioa^  the  British  ships  were  got 
under  weigh  on  the  1st  of  March  to  leave  Constantinople^  and^  on  the 
3rd^  thej  repassed  the  straits  of  the  Dardanelles.  But  by  this  time  the  de- 
fences had  been  considerably  improved,  and  the  ships  were  fired  upon  by  the 
cannon  mounted  upon  these  fortifications,  some  of  which  threw  large  stones 
of  seven  hundred  weight,  though  from  othei*s  the  stones  were  not  so  heavy. 
Several  of  the  ships  were  struck  by  these  stones,  which  occasioned  them 
considerable  damage ;  but  they  all  succeeded  in  passing  the  straits.  One 
ship,  however,  was  lost  in  the  expedition, — ^the  Ajax^  of  seventy-four  guns, 
which  was  accidentally  burnt. 

The  expedition  to  Copenhagen,  in  the  summer  of  1807,  was  planned  with 
decision,  and  executed  with  skill  and  energy.  The  object  of  it  was,  to 
prevent  the  Danish  fleet  from  becoming  auxiUary  to  that  of  France ;  as 
there  was  ground  to  apprehend  that  might  be  the  case,  from  the  growing 
ascendency  of  Napoleon  upon  the  continent.  The  demand  that  was  then 
to  be  made  was,  therefore,  the  temporary  surrender  of  the  navy  of  Den- 
mark to  the  British  nation,  on  condition  of  its  being  restored  at  the  resto- 
ration of  peace.  The  demand  was  to  be  accompanied  by  such  an  arma- 
ment as  would  be  capable  of  giving  effect  to  it,  to  the  fullest  extent ;  and 
admiral  Gambier  was  entrusted  with  the  charge  of  the  expedition.  On 
the  26th  of  July,  a  few  days  only  after  the  order  had  been  issued,  the  fleet 
sailed  from  Yarmouth.  It  consisted  of  one  ship  of  ninety-eight  guns, 
thirteen  of  seventy-four,  and  three  of  sixty-four  \  together  with  a  propor- 
tionate number  of  frigates,  sloops,  and  lighter  vessels.  This  fleet  was  after- 
wards reinforced  by  four  seventy-four  and  three  sixty-four  gun  ships,  and  a 
considerable  number  of  frigates,  sloops,  &c. ;  making  forty  sail  under  the 
line,  and  to  these  were  added  nearly  400  transports. 

AVhen  the  British  fleet  arrived,  early  in  August,  and  the  demand  was 
made  for  the  conditional  surrender  of  the  Danish  navy,  it  was  of  course  re- 
jected; and  the  Danes  proceeded  to  improve  the  defences  of  the  city. 
The  English  advanced,  and  landed  their  troops,  who  occupied  several  days 
in  constructing  the  works,  to  act  both  against  the  Danish  gun-boats,  and 
the  city  of  Copenhagen.  On  the  17th,  the  admiral  advanced,  with  a  strong 
division  of  his  fleet,  into  Copenhagen-road.  Some  further  time  was  occu- 
pied in  completing  the  preparations  that  were  in  progress;  and,  on  the.  1st 
of  September,  the  British  commander-in-chief  summoned  the  Danish  com- 
mander to  surrender  the  fleet  upon  the  conditions  of  trust  which  had  been 
before  mentioned.  This  was  refused :  and  the  city  was  cannonaded  and 
bombarded,  with  some  intervals  of  intermission,  until  the  city  was  ex- 
tensively damaged,  and  there  appeared  to  be  no  hope  in  opposing  any  far- 
ther the  demands  of  the  English, — ^who  would  entertain  no  negotiations 
in  which  the  surrender  of  the  Danish  fleet  was  not  admitted;  when  the 
terms  of  capitulation  required  by  the  English  were  yielded  to,  and  the  ca- 
pitulation was  signed  on  the  7th  of  September.     The  English,  according 
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to  the  terms  of  surrender,  immediately  entered  into  possession  of  the 
citadel  and  the  arsenal,  and  began  to  repair  and  fit  out  the  Danish  ships, 
all  of  which  had  been  surrendered  to  them. 

These  were  three  ships  of  eighty  guns,  twelve  of  seventy-four,  two  of 
sixty-four ;  two  frigates  of  thirty-eight,  and  six  of  thirty-six  guns ;  and  one 
32-gun  frigate,  in  attempting  to  escape  when  the  English  were  approach- 
ing Copenhagen,  was  pursued  and  captured  by  a  British  twenty-two  gun 
sliip.  Out  of  these  seventeen  ships,  fourteen  were,  in  less  than  a  fortnight, 
removed  from  the  arsenal ;  and  the  remainder,  with  the  fiigates,  were  got 
ready  within  six  weeks,  the  time  which  had  been  stipulated  for  the  English 
to  hold  possession  of  the  arsenal.  Three  seventy-four  gim  ships  were  on 
the  stocks  when  the  city  was  surrendered ;  the  frames  of  two  of  these  were 
taken  to  pieces  and  brought  away ;  and  the  other  ship,  being  in  a  more 
advanced  state,  was  sawn,  and  rendered  incapable  of  being  completed.  A 
few  old  ships,  which  were  considered  to  be  not  worth  bringing  away,  were 
destroyed ; — ^leaving  sixteen  sail  of  the  line  to  the  captors,  besides  inferior 
ships,  gun-boats,  &c. 

On  the  21st  of*  October,  the  British  fleet  and  prizes  quitted  Copenha- 
gen-road ;  and  in  the  coui*se  of  their  passage  out  of  the  Sound,  one  of  the 
Danish  eighty-gun  ships  ran  ashore,  and  was  destroyed,  as  she  could  not  be 
got  oflF ;  and  in  the  rough  weather  which  occurred  during  the  passage  of 
the  fleet  to  England,  almost  all  the  gun-boats  were  destroyed.  The  rest 
of  the  prizes  reached  Yarmouth  and  the  Downs  in  safety. 

But  few  of  the  prizes  were,  however,  of  much  value  to  the  English. 
The  Christian  7th  of  eighty  guns,  the  Norge,  Dannemark,  and  Princesse 
Carolina  of  seventy-four,  and  the  Syeren  of  sixty-four,  were  the  only  line-of- 
battle-ships  that  were  afterwards  fitted  out  as  cruisers.  The  first  of  these, 
which  had  been  built  in  1804,  was  indeed  considered  a  very  fine  ship  in 
every  respect ;  but  her  dimensions  were  not  large  for  the  armament  she 
bore.  She  was  187  feet  long  on  the  gun-deck,  50  feet  10  i  inches  in  ex- 
treme breadth,  and  20  feet  10  inches  deep  in  the  hold,  and  she  measured 
2131  tons. 

From  the  high  estimation  in  which  this  ship  was  held,  the  Cambridge  was 
ordered  to  be  built  precisely  similar  to  her ;  and  in  the  general  dimensions 
there  was  scarcely  a  material  variation,  except  that  the  Cambridge  measured 
six  tons  less  than  her  admired  exemplar.  On  the  reduced  lines  of  this 
ship,  the  Hawke,  Black  Prince,  Melville,  and  Wellesley,  were  built,  with  a 
length  on  the  gun-deck  of  176  feet  1  inch,  and  breadth  extreme  47  feet 
8  inches ;  the  lines  of  these  ships  assimilated  to  the  lines  of  the  great 
Swedish  constructor.  Chapman.  Immense  quantities  of  naval  stores,  con- 
sisting of  timber,  masts,  yards,  canvas,  rope,  and  other  materials,  were  taken 
from  the  arsenal  at  Copenhagen,  and  brought  to  England,  constituting  a 
full  cargo  for  ninety-two  transports. 

Early  in  the  winter  of  1807,  a  fleet  of  nine  ships  of  the  line  was  sent^ 
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under  the  command  of  sir  Sidney  Smithy  to  blockade  the  Tagus.  This 
course  had  been  rendered  necessary  by  the  relations  of  Prance  and  Portu- 
gal. The  prince-regent  of  the  latter  country  had  been  induced,  under  an 
apprehension  of  the  invasion  of  his  country  by  a  French  army,  to  comply 
with  the  requirement  to  exclude  from  the  ports  of  Portugal  all  English 
ships,  both  naval  and  mercantile.  The  inconvenience  that  must  have  re- 
sulted from  such  exclusion  was  sufficiently  evident  to  prompt  the  govern- 
ment to  take  a  very  decide4  course,  with  the  view  to  restore  the  good  un- 
derstanding which  had  existed  between  this  country  and  Portugal.  In- 
formation of  the  new  state  of  affairs  in  that  country  reached  England  early 
in  November,  and  the  fleet  was  sent  out  without  delay;  and  when  it 
arrived  off  the  Tagus,  the  blockade  was  immediately  commenced,  and  the 
British  ambassador  retired  on  board  of  the  fleet.  The  blockade  was  main- 
tained with  so  much  strictness,  as  to  render  the  continuance  of  it  very  in- 
convenient ;  and  a  flag  of  truce  was  sent  with  a  proposal  of  terms  for 
raising  the  blockade.  The  conditions  were,  that  the  Portuguese  fleet  should 
be  surrendered  to  England,  or  that  the  prince-regent  should  retire  with  it 
to  his  dominions  in  South  America.  The  latter  alternative  was  accepted ; 
and  as  almost  all  the  ships  constituting  that  navy  were  in  a  condition  to 
put  to  sea,  the  prince-regent  and  the  court  of  Portugal  embarked ;  and  the 
fleet  was  escorted  a  part  of  the  way  by  the  whole,  and  the  remainder  of 
the  voyage  by  a  part,  of  sir  Sidney  Smith's  fleet. 

In  the  meantime  a  French  army  enterejd  Lisbon,  and  a  Russian  squad- 
ron the  Tagus,  where  it  became  blockaded  by  sir  Sidney  Smith ;  who  had 
not,  however,  been  long  in  conducting  this  duty,  before  he  learnt,  on 
being  reinforced  by  a  squadron  from  England,  the  hostile  conduct  of 
Russia.  Tliis  had  been  suspected,  and  the  information  being  now  certain^ 
the  blockade  of  the  Russian  ships  was  continued  during  the  remainder  of 
the  year. 

The  light  cruisers  of  the  British  navy  were  very  active  during  the  year, 
whenever  there  were  suitable  objects  of  enterprise.  In  the  West  Indies 
captain  Brisbane,  in  the  command  of  a  squadron  of  four  frigates,  was  sent 
by  the  commander-in-chief  to  ascertain  the  bias  of  the  inhabitants  of  the 
Dutch  colony  of  Cura9oa,  before  any  attempt  should  be  made  towards  re- 
ducing the  island ;  but  as  the  possession  of  the  island  was  the  ultimate 
object  in  contemplation,  captain  Brisbane  considered  the  more  certain  way 
to  attain  this  object  would  be,  to  make  a  bold  and  vigorous  attack  before 
the  apprehensions  of  the  inhabitants  had  been  excited.  Immediately  on 
his  arrival  he,  therefore,  brought  the  whole  of  his  little  force  to  act  with  the 
best  effect  against  the  island ;  and  the  inhabitants,  being  taken  by  surprise, 
were  unprepared  to  offer  any  effectual  resistance :  the  consequence  of  which 
was,  that  long  before  the  close  of  the  day  the  island,  together  with  a 
frigate  which  was  lying  there,  was  placed  by  capitulation  in  the  possession 
of  the  English.     This  event  occurred  early  in  the  year;  and,  towards  the 
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close  of  the  year^  the  Danish  West  India  Islands  of  St.  Thomas  and  Santa- 
Croix  capitulated^  and  fell  into  the  hands  of  the  EngUsh. 

In  the  early  part  of  the  year  Monte  Video  was  attacked  by  a  squadron^ 
accompanied  by  a  considerable  body  of  troops ;  and  after  the  French  army 
had  gained  possession  of  Portugal,  a  British  squadron  came  to  an  anchor  at 
the  island  of  Madeira,  and  a  summons  was  sent  to  the  governor  to  surrender 
to  Great  Britain  :  as  no  opposition  was  made  to  it,  the  island  came  quietly 
into  the  possession  of  the  EngUsh.  ' 

From  a  state,  as  it  appears,  of  ample  efficiency,  the  cruising  fleets  of 
England  rose,  in  the  course  of  the  year,  to  a  height  of  numerical  strength 
beyond  what  they  had  previously  reached.  Within  this  period  ten  line-of- 
battle-ships  were  added  to  the  number  of  commissioned  cruisers.  This  in- 
crease consisted  almost  wholly  of  ships  of  seventy-four  guns ;  the  several 
classes  of  these  ships  had  been  increased  by  fifteen,  and  now  amounted  to 
seventy-six  sail.  Two  more  80-gun  ships  had  been  commissioned  as  crui- 
sers; but  the  number  of  98-gun  ships  had  been  diminished  by  six ;  and 
the  64-gun  ships,  by  one.  This  alteration  in  the  character  of  the  cruisers, 
in  bringing  into  service  a  larger  proportion  of  the  most  active  class  of  line- 
of-battle-ships,  appears  to  have  been  a  material  improvement  in  the  ar- 
rangements of  the  British  fleets,  viewed  in  connection  with  the  relative 
condition  of  other  European  navies,  shut  up,  as  they  were,  for  the  most 
part,  in  the  several  ports  of  the  countries  to  which  they  belonged,  and 
affording  little  prospect  that  they  would,  for  a  considerable  time  to  come, 
place  it  in  the  power  of  a  British  fleet  to  bring  on  another  general  engage- 
ment ;  but  for  the  little  prospect  there  was  of  such  an  event,  it  might  have 
been  desirable  to  increase  the  number  of  heavier  ships.  The  under-line 
cruisers  continued  with  little  variation,  and  an  increase  of  only  two  ships. 

Two  74-gun  ships  of  the  largest  class  (the  Bulwark  of  1940,  and  the 
Warspite  of  1890  tons,)  were  launched  during  the  year ;  as  were  also  seven 
other  seventy-fom^,  that  had  been  built  in  private  yards:  the  Aboukir, 
Cumberland,  Elizabeth,  Marlborough,  Sultan,  Valiant,  and  York,  with  an 
aggregate  burthen  of  12,111  tons,  being  on  an  average  1730  tons  to  each. 
There  were  about  forty  ships  and  vessels  below  the  line  also  launched  during 
the  year.  Five  of  these  were  38-gun  frigates,  of  which  the  largest  was 
1090  tons  burthen ;  and  the  average  of  the  whole  was  1080  tons.  Two 
32-gun  frigates  and  several  22-gun  ships,  thirteen  18-gun  ship-sloops,  six- 
teen 18-gun  brig-sloops,  and  one  12-gun  brig,  were  also  launched.  The 
whole  of  these  were  built  in  private  yards. 

The  total  amount  of  the  British  navy  at  the  beginning  of  1808  was  one 
himdred  and  eighty-nine  ships  of  the  line,  and  six  hundred  and  fifty-three 
below  the  line^  in  comnussion  and  in  ordinary.  Twenty-nine  line-of-battle- 
ships,  and  thirty-three  of  inferior  rates,  were  in  the  course  of  building,  and 
nineteen  74-gun  ships,  and  thirty-three  brig-sloops,  were  ordered,  in  the 
course  of  the  year  1807,  to  be  built. 
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The  losses  of  the  British  navy  were,  on  the  other  hand^  very  consider- 
able in  the  same  period.  Besides  the  Ajax,  which  was  accidentally  burnt 
in  the  expedition  to  the  Bosphorus,  the  English  lost  a  74-gun  ship,  the 
Blenheim,  which  foundered  in  the  Indian  Ocean.  Three  frigates  were 
wrecked,  and  one  foundered ;  two  22-gun  ships  were  wrecked ;  five  sloops 
were  wrecked,  one  foundered,  and  one  was  captured ;  four  gun-brigs  were 
wrecked,  one  foundered,  and  two  were  captured;  four  cutters  were  wrecked, 
four  foundered,  and  six  were  captured ;  one  bomb-vessel  was  wrecked,  and 
one  foundered ;  and  one  fire-vessel  was  wrecked ;  making  a  total  loss, 
during  the  year,  of  thirty-nine  sail. 

The  naval  service  of  1808  was  prorided  for  by  the  grant  of  a  hundred  and 
thirty  thousand  seamen  and  marines  to  be  employed  during  the  year ;  and 
by  sums  of  money  suited  to  the  carrjdng  on  of  the  operations  of  the  war 
by  sea.  The  sum  granted  for  the  ordinary  expenses,  including  half-pay  to 
naval  and  marine  officers,  was  j£l,142,960;  and  the  sum  for  the  extraor- 
dinary expenses,  which  included  those  incurred  in  the  building  and  repair 
of  ships,  was  £2,351,188.  The  other  sums  voted  for  the  different  pur- 
poses of  the  naval  sendee  amounted,  with  these,  to  a  total,  exceeding 
£18,087,500. 

Material  changes  had  recently  taken  place,  whilst  others  were  waiting 
to  develop  themselves,  in  the  relations  sustained  by  some  of  the  most 
powerful  nations  of  Eui'ope;  which,  notwithstanding  the  depression  to 
which  the  two  principal  hostile  naries  had  been  recently  reduced,  involved 
the  necessity  of  maintaining  the  British  na\7'  in  a  condition  capable  of  meet- 
ing the  fleets  which  might  be  fitted  out  in  the  Baltic,  as  well  as  in  the 
more  southern  parts  of  Europe.  Russia  had  been  brought  under  the  in- 
fluence of  Buonaparte ;  and  the  declaration  of  war  which  that  country 
issued  against  England,  was  received  and  replied  to  in  December  1807. 

The  breaking  out  of  this  war  with  Russia  rendered  it  necessary  to  send 
a  fleet  into  the  Baltic.  Sweden,  alike  with  England,  became  involved 
in  the  war  with  Russia.  When,  therefore,  in  the  beginning  of  the  summer 
of  1808,  the  British  government  sent  sir  James  Saumarez  into  the  Baltic 
with  a  fleet  consisting  of  the  Victory  of  one  hundred  guns,  eight  ships  of 
seventy-four  guns,  and  two  of  sixty-four ;  accompanied  by  several  frigates^ 
sloops,  gun-brigs,  and  a  large  fleet  of  transports  for  the  conveyance  of  the 
troops,  they  had  a  joint  object  in  contemplation  in  connection  with  Sweden, 
for  whose  assistance  troops  were  sent  out ;  and  when,  in  the  course  of  the 
summer,  a  Russian  fleet  presented  itself,  the  Swedish  fleet,  accompanied 
by  two  or  three  British  Une-of-battle-ships,  chased  it  until  it  retired  into 
port.  The  English  ships,  however,  being  better  sailers  than  their  com- 
panions, succeeded  in  coming  up  with  one  of  the  enemy's  ships  that  had 
been  separated,  engaged  her,  and  compelled  her  to  strike.  But  the  near- 
ness of  the  Russian  fleet  prevented  them  from  taking  possession  of  their 
prize ;  and  when  the  fleet  retreated  into  port,  this  ship  followed  as  near  ta 
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the  place  of  safety  as  she  could.  Assistance  was  then  sent  out  with  the 
view  to  conduct  her  into  port ;  but  this  was  prevented  by  thQ  interference 
of  the  English^  who^  being  finally  unable  to  secure  the  ship  as  a  prize, 
destroyed  her. 

Sir  James  Saumarez  having  joined  the  combined  English  and  Swedish 
fleet,  which^  from  the  time  that  the  Russian  fleet  had  retired  into  port,  had 
been  blockading  that  port,  arrangements  were  made  for  destroying  the 
whole  of  the  Russian  fleet,  lying  in  the  harbour  of  Rogerswick,  by  means 
of  fire-ships ;  but  the  design  was  rendered  impracticable  by  means  of  a 
strong  boom  which  had  been  placed  across  the  entrance  of  the  harbour. 
Soon  after  this,  the  blockading  fleet  retired  from  before  the  port ;  and  the 
Russian  admiral  took  an  early  opportunity  of  sailing  likewise,  and  amved 
in  safety  at  Cronstadt. 

After  the  great  disaster  which  the  navy  of  France  had  sustained  at  Tra- 
falgar, vigorous  efibrts  were  made,  under  the  orders  of  Buonaparte,  to 
add  to  it  such  a  number  of  powerful  new  ships  as  would  restore  it  to  the 
state  of  importance  from  which  it  had  declined.  The  necessity  for  this 
individual  national  regard  to  the  navy,  was  now  increased  by  the  separa- 
tion of  Spain  from  the  interests  of  France ;  for  the  naval  adjuncts  which 
might  have  been  obtained  by  other  alliances,  could  not  be  so  formidable 
as  that  of  Spain  had  been.  In  the  spring  of  this  year,  the  French  navy 
included  more  than  sixty  ships  of  the  line ;  and  these  were  to  be  increased 
by  twenty  others,  which  had  been  recently  ordered  to  be  built  at  several 
ports  in  France  and  the  Netherlands. 

The  Russian  squadron  in  the  Tagus  was  continued  under  a  strict  block- 
ade ;  but  the  English  lost  the  object  of  their  blockade  at  Rochefort.  The 
squadron  under  rear-admiral  sir  Richard  J.  Strachan  was  obliged  to  retire 
from  before  the  port  to  obtain  supplies ;  and  as  he  was  unable  for  several 
weeks  to  renew  the  blockade,  admiral  Ganteaume  sailed,  with  six  ships 
of  the  line,  a  frigate  and  a  corvette ;  and  with  the  exception  of  one  ship 
that  was  injured  in  the  rough  weather  which  then  prevailed,  and  was, 
in  consequence,  sent  back  into  port,  his  squadron  arrived  in  safety  at 
Toulon.  Here  he  increased  his  force,  and  put  to  sea  again  with  ten  ships 
of  the  line,  five  frigates  and  corvettes,  and  several  armed  transports.  The 
immediate  object  of  this  movement  appears  to  have  been  the  relief  of 
Corfti,  which  was  effected  without  any  interruption. 

Vice-admiral  lord  Collingwood  held  the  command  in  the  Mediterranean, 
and  was  cruising  with  his  fleet,  when  the  fact  became  known  to  some  de- 
tached cruisers,  that  the  French  fleet  was  at  sea ;  and  the  information  was 
communicated  to  the  commander-in-chief,  who  cruised  in  search  of  the 
enemy's  fleet  until  sometime  after  it  had  returned  in  safety  to  Toulon-road, 
more  than  two  months  after  their  departure  early  in  February. 

The  restoration  of  peace  between  England  and  Spain  obviated,  only  par- 
tially, the  necessity  for  the  employing  of  British  cruisers  along  the  shores 
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of  the  latter  country;  for  the  presence  of  the  French  light  cruiaers 
upon  the  coast  and  in  the  harbours  of  Spain,  was  a  continual  annoyance  to 
the  Spaniards^  as  well  as  to  the  English.  England  had  been  applied  to 
for  aid  against  the  French;  and  that  aid  was  readily  a£Porded.  This 
change  in  the  views  and  relations  of  Spain  did  not^  however^  take  place 
until  the  summer:  but  previously  to  the  restoration  of  peace  between 
England  and  Spain^  two  Spanish  ships  from  South  America^  laden  with 
valuable  cargoes^  were  captured  by  two  light  cruisers. 

With  the  exception  of  the  sailing  of  the  Bochefort  squadron  to  Toulon, 
and  the  little  expedition  of  a  fleet  from  that  port^  the  French  maintained 
a  general  cautiousness  in  the  employment  of  their  fleets  and  squadrons. 
The  French  cruisers  which  were  fallen  in  with,  were  generally  of  the 
small  classes  of  vessels.  But,  in  several  of  the  encounters  that  took  place 
between  these  and  the  English  cruisers  which  met  them,  the  latter  were 
decidedly  inferior ;  and  owing  to  the  disparity  in  the  capabilities  of  the 
ships,  a  small  number  of  British  cruisers  were  obliged  to  sun^ender. 
There  were  several  ships  lost  to  the  British  navy  besides  the  few  that 
became  prizes  to  the  French  cruisers,  and  the  Danish  gun-boats  upon  their 
coasts.  The  Jupiter  of  fifty,  the  Leda  frigate  of  thirty-eight,  the  Orescent, 
Flora,  and  Meleager,  of  thirty-six,  and  the  Aatrea  of  thirty -two  guns,  the 
Banterer  of  twenty-two,  the  Muros  of  twenty,  and  the  Bermuda  of  eighteen 
guns,  were  wrecked.  Four  16-gun  brig-sloops,  one  14-gun  brig,  two  12- 
gun  brigs,  one  cutter  of  twelve  guns,  one  of  ten,  and  four  of  eight,  were 
also  wrecked ;  and  one  8-gun  cutter  foundered.  One  12-gun  brig  was 
destroyed  by  the  enemy^s  batteries  whilst  engaged  in  cutting  out ;  and  a 
10-gun  brig  was  also  destroyed  after  having  been  run  ashore  to  avoid 
being  captured. 

The  prizes  which  were  made  during  the  year  were  few,  and  of  small  im- 
portance, as  it  respects  the  British  navy.  Two  74-gun  ships,  the  Danish 
PrindtS'ChristiaiuFrederic,  and  the  Russian  Sewolod,  were  the  only  ships 
of  the  line  that  were  taken.  There  were  five  firigates  captured ;  one  of 
these  was  the  Badere  Zqffer  of  forty-four  guns,  taken  from  the  Turks. 
She  was  constructed  after  the  French  style,  and  although  she  was  a  very 
handsome  frigate,  she  was  neither  well  built,  nor  sufficiently  strong,  and 
therefore  not  deemed  suitable  to  be  taken  into  the  service.  The  Dutch 
86-gun  frigate  Guelderland,  after  having  been  taken  by  the  Virgime,  served 
for  some  time  as  a  British  cruiser.  Two  French  40-gun  frigates,  the  Pt^- 
montaise  and  the  Thetis,  were  taken  during  the  year;  and  the  Artimese, 
of  the  same  class,  was  chased  by  the  English,  run  ashore  near  Brest,  and 
destroyed.  Only  three  frigates  were,  therefore,  transferred  within  the  year 
from  foreign  navies  to  that  of  England. 

There  was  a  large  number  of  ships,  sloops,  &c.,  launched  during  the  year 
1808;  at  the  head  of  these  was  the  Caledonia,  a  first-rate  of  one  hundred 
and  twenty  guns.    This  ship  was  ordered  to  be  laid  down,  in  1794;  but 
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the  building  of  her  was  not  commenced  until  1805.  She  was  larger  than 
any  other  ship  that  had  been  built  in  England^  nor  had  any  ship^  with  the 
exception  of  the  Commerce  de  Marseilles  (which  was  surrendered  to  the 
Knglish  at  Toulon  in  1793)  equal  to  this^  fallen  into  the  possession  of  the 
English  I  but  this  ship  exceeded  the  Caledonia,  as  will  be  best  seen  by 
placing  the  principal  dimensions  by  each  other : 
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There  were  five  74-gun  ships — the  Blake,  Bombay,  Invincible,  Venerable, 
and  Victorioiis, — launched^  and  nearly  seventy  frigates  and  sloops ;  four- 
teen of  these  were  large  18-gun  brig-sloops,  and  more  than  thirty  were 
10-gun  brig-sloops. 

The  vessels  of  this  latter  class  were  good  sea  boats,  although  they  were 
not  fast  sailers ;  but  the  dulness  of  their  sailing  is  sufficiently  accounted 
for,  by  the  armament  and  other  weights  which  were  put  on  board  of  them 
being  too  great,  in  relation  to  the  power  of  sail  which  their  dimensions 
would  allow  them  to  carry.  To  have  given  scope  for  the  production  of 
excellence  in  these  vessels,  when  their  armament  had  been  determined  on, 
larger  dimensions  should  have  been  given  to  them ;  but  as  the  armament 
of  these  brigs  was  of  too  small  a  caliber  to  fomish  them  with  sufficient  power 
against  the  enemy,  they  might,  with  sufficient  dimensions,  have  been  armed 
with  24  instead  of  18-pounder  carronades ;  and  dimensions  suited  to  this 
description  of  armament,  would  have  enabled  them  to  carry  such  a  quantity 
of  sail  as  would  have  rendered  them  a  far  superior  class  of  vessels  to  what 
they  ever  were.  They  were  constructed  by  sir  Henry  Peake,  with  a 
tonnage  varying  generally  between  235  and  240  tons,  and  with  dimensions 
of  about  90  feet  in  length  on  the  gun-deck,  24  feet  6  inches  in  extreme 
breadth,  and  11  feet  depth  in  the  hold. 

Six  74-gun  ships ;  eight  large  38-gun,  and  six  smaU  36-gun  frigates ; 
twelve  18,  five  14,  and  eight  10-gnn  brig-sloops;  and  six  10-gun  cutters, 
were  ordered,  in  the  year  1808,  to  be  built.  Some  of  these  were  launched ; 
and  at  the  close  of  the  year  there  was  a  large  number  of  line-of-batUe-ships 
upon  the  stocks,  principally  of  the  middling  class  of  74-gun  ships. 

At  the  beginning  of  the  year  1809  there  were  a  hundred  and  thirteen 
ships  of  the  line  in  commission  as  cruisers ;  the  same  number  as  there  had 
been  at  the  commencement  of  the  preceding  year ;  but  the  under-line  crui- 
sers had  been  increased  since  that  period  by  more  than  sixty  sail,  and 
amounted  now  to  five  hundred  and  seventy-one  ships  and  vessels,  &om  the 
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56-gun  flush-decked  ships  to  the  4-gun  cutters.  A  hundred  and  twenty- 
nine  of  these  were  frigates;  nineteen  others  were  post-ships;  fifty  18-gnn 
ship-sloops^  and  seventy  18-gun  brig-sloops;  twenty-eight  16-gun  ship- 
sloops^  and  forty-seven  16-gun  brig-sloops ;  there  were  thirty-three  lO-gun 
brig-sloops^  and  seventy-six  12-gun  brigs,  besides  a  small  number  of  other 
classes^  and  more  than  seventy  cutters.  There  were  also  fourteen  ships  of 
the  line,  and  thirty  of  inferior  rates,  in  ordinary,  for  further  service  at  sea. 
Kever  before  had  England  displayed  such  a  naval  force  as  this. 

The  suppUes  granted  for  the  naval  service  of  the  year  1809  were  a  hun- 
dred and  thirty  thousand  seamen  and  marines,  and  the  sum  of  £8,112,000 
for  their  maintenance  :  this  was  at  the  rate  of  d£4  168.  a  man  per  month, 
being  an  increase  of  one  guinea  to  each  man  for  that  time.  The  sum  voted 
for  the  ordinary  expenses  of  the  navy,  including  half-pay  to  naval  and 
marine  officers,  was  £1,4^8,437,  and  the  sum  voted  for  the  extraordinary 
expenses,  including  the  building  and  repair  of  ships,  was  £2,296,030. 
These,  and  the  various  other  sums  voted  for  the  naval  service  of  the  year 
1809,  amounted  to  £19,578,467;  and  this  total  showed  an  increase  of 
nearly  a  million  and  a  half  sterling,  for  carrying  on  the  services  of  the  navy 
during  the  year  1809. 

Those  French  ports  which  contained  any  material  force  of  ships  of  war 
were  still  blockaded  by  the  English  :  the  principal  being  Toulon,  off  which 
lord  Collingwood  held  the  command,  and  Brest,  which  was  watched  by  lord 
Gumbier.  But  before  the  end  of  February  the  blockade  of  Brest  was  sus- 
pended, in  consequence  of  the  prevalence  of  a  westerly  gale,  which  obliged 
lord  Oambier  to  retire  from  immediately  before  the  port ;  and  as  soon  as  the 
state  of  the  weather  allowed,  during  the  absence  of  the  blockading  fleet,  the 
French  admiral  left  the  port :  this  was  on  the  21st  of  the  month.  It  happened, 
however,  that  at  this  time  a  British  man-of-war  was  sufficiently  near  to 
perceive  what  had  occurred ;  and  this  sailed  immediately  to  join  a  blockad- 
ing squadron  off  L'Orient,  and  to  commmiicate  information  to  the  com- 
manding officer  of  that  squadron,  of  what  had  taken  place.  A  very  short 
time  elapsed  before  the  two  squadrons  were  sufficiently  near  to  be  seen 
from  each  other.  There  was  also  a  squadron  of  three  ships  of  the  line  at 
anchor  upon  the  coast,  commanded  by  rear-admiral  Stopford,  to  whom  in- 
formation was  likewise  very  promptly  communicated.  He  got  under 
weigh,  and  chased  the  French  squadron,  which  on  the  morning  of  the  24th 
entered  Basque  roads.  Here  they  were  subjected  anew  to  a  blockade  by  rear- 
admiral  Stopford's  squadron,  until  Ihis  was  joined  by  one  under  lord  Oam- 
bier, who  assumed  the  command  of  the  whole,  and  continued  the  blockade. 
His  fleet,  composed  of  three  squadrons,  which  had  occupied  separate  stations, 
amounting  to  eleven  sail  of  the  line,  was  now  anchored  in  Basque  roads. 

The  design  was  now  conceived  .of  destroying  the  enemy's  ships  under 
blockade,  by  means  of  fire-ships ;  and  when  information  of  the  enemy's 
situation  became  known  in  England,  the  admiralty  at  once  considered  that 


ATTEMPT   TO   DESTROY    THE    ENEMY^S    FLEET    WITH    FIRE-SHIPS.         165 

such  means  might  be  employed  with  success^  even  before  recelYing  admiral 
lord  Grambier^s  despatches  on  the  subject ;  and  conferences  were  had  with 
captain  lord  CochranCj  who  was  known  to  be  acquainted  with  that  part  of 
the  coast.  That  officer  confirmed  the  opinion  of  the  admiralty  as  to  the 
practicability  of  carrying  the  project  into  full  effect  against  the  French  ; 
and  when  it  was  determined  to  employ  a  force  of  fire-ships  for  that  purpose, 
lord  Cochrane  was  appointed  to  direct  the  operations  of  these  ships^  under 
the  orders  of  lord  Gambier. 

Great  preparations  were  made  towards  accomplishing  this  object. 
Seven  frigates,  and  sixteen  smaller  vessels  were  ordered  to  attend  the 
expedition ;  and  twelve  fire-ships  and  six  transports,  with  a  view  to  being 
fitted  up  and  employed  in  the  same  manner,  were  ordered,  with  a  con- 
siderable number  of  other  transports,  to  proceed  to  the  coast  of  France. 

It  was  not  until  the  11th  of  Apnl,  that  the  whole  of  the  arrangements 
were  completed;  and  on  that  night  circumstances  were  favourable  for 
making  the  attack.  But,  as  the  fire-ships  advanced,  it  was  discovered  that 
means  had  been  taken  to  defeat  such  an  attack.  A  strong  boom,  of  about 
half  a  mile  in  length,  had  been  constructed  across  the  navigable  part  of  the 
road.  This  was,  however,  broken  by  the  largest  fire-ship  when  she  arrived ; 
and  the  passage  was  rendered  clear  for  the  ships  which  followed.  It  does 
not  appear  that  from  this  stage  of  the  service  there  was  that  cool  and 
steady  decisiveness  of  action  that  such  an  occasion  required.  Some  of  the 
fire-ships  were  abandoned  too  soon,  and  were  consumed  without  performing 
any  part  of  the  service  required  of  them.  But,  when  the  French  saw  the 
large  number  of  these  ships  approaching  them,  they  cut  the  cables  of 
their  ships;  and  considerable  disorder  amongst  them  occurred  in  their 
efforts  to  avoid  a  collision. 

The  Ocean,  of  one  hundred  and  twenty  guns,  the  French  admiral^s  ship, 
was  grappled  by  a  fire-ship  ;  but  by  the  most  energetic  and  persevering 
exertions  she  was  disengaged;  and  the  fatal  consequences  of  the  contact 
were  narrowly  escaped.  The  Regulus  of  seventy-four  guns  was  in  similar 
danger.  Fourteen  ships,  out  of  the  fifteen  which  had  been  lying  there, 
either  cut  or  sUpped  their  cables  :  one  of  these  brought  up  again ;  and 
thirteen  of  them  went  upon  a  lee-shore. 

Not  one  of  the  French  ships  was  destroyed  by  the  fire-ships  which  were 
expended,  although  they  were  so  numerous.  When  day-light  discovered 
to  the  EngUsh  the  fleet  which  had  so  narrowly  escaped  their  efforts  at  de- 
struction, the  French  were  seen  to  be  making  the  greatest  efforts  towards 
getting  off  their  grounded  ships ;  and  with  respect  to  the  most  of  them, 
their  efforts  were  successful.  But,  three  line-of-battle-ships,  a  50-gun  ship, 
and  a  frigate  were  destroyed ;  two  of  these,  the  Tonnerre  of  seventy-four, 
and  the  Indienne  of  forty  guns,  were  destroyed  by  the  French,  in  conse- 
quence of  their  being  unable  to  remove  them  from  the  shore. 

One  bomb  and  several  gun-brigs  were  ordered  by  lord  Gambier  to  attack 
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the  ships  as  they  lay  upon  the  shore ;  the  two  ships  which  had  not  been 
on  shore  weighed  and  stood  for  the  Charenk ;  but  at  the  entrance  of  that 
river  they  both  grounded ;  several  other  ships^  as  soon  as  they  were  got 
afloat^  followed  them ;  but  these  grounded  abo.  These  successful  results 
of  the  French,  showed  that  unless  the  English  were  now  prompt  in  what 
remained  for  them  to  do,  the  object  of  their  expedition  would  be  altogether 
frustrated.  They  therefore  made  their  attack  upon  such  of  the  enemy's 
ships,  as  the  brigs  under  lord  Cochrane's  orders  were  able  to  bring  their 
guns  to  bear  upon.  Under  the  force  of  this  attack,  the  Varsavie  of  eighty, 
the  Aquilon  of  seventy-four,  and  the  Calcutta  of  fifty  guns,  surrendered, 
and  were  destroyed  by  the  English.  The  Tonnerre  and  the  Indienne  were 
not  destroyed  until  very  persevering  eJBTorts  had  been  made  by  their  re- 
spective crews  to  save  them ;  but  without  success. 

This  very  partial  success  was  highly  satisfactory  to  lord  Cochrane,  who  con- 
sidered, however,  that  he  ought  to  have  been  supported  with  more  energy 
by  lord  Gambier,  with  the  ships  under  his  command.  The  event  brought 
no  prize  to  the  English;  whilst  the  French  themselves  considered  that 
their  fleet  was  so  exposed,  that  if  the  affair  had  been  conducted  in  a  proper 
manner,  the  English  might  have  either  taken  or  destroyed  all  the  ships 
of  which  it  was  composed. 

Within  a  period  of  four  or  five  years,  the  Scheldt  had  become  a  very  im- 
portant naval  station ;  the  resources  for  building,  which  were  of  easy  access, 
having  induced  the  emperor  of  France  to  construct  a  dockyard  and  an  ar- 
senal here,  together  with  such  fortifications  as  appeared  requisite  to  give 
security  to  those  estabUshments. 

Against  this  station,  the  government  determined  to  send,  in  the  summer 
of  1809,  an  expedition  on  a  large  scale ;  but  the  intention  of  this  project 
was  permitted  to  transpire,  and  a  period  of  two  months  to  elapse  between 
forming  the  plan,  and  carrying  it  into  effect.  The  consequence  was, 
that  before  the  expedition  lefl  England,  the  design  of  sending  it  was  well 
known  upon  the  continent. 

The  expedition  did  not  leave  England  until  the  28th  of  July.  The  fleet 
consisted  of  thirty-seven  ships  of  the  line,  two  of  fifty  guns,  and  three  of 
forty-four ;  twenty-three  firigates,  one  20-gun  ship,  thirty-one  sloops, 
twenty-three  gun-brigs,  five  bonib  vessels,  and  a  large  number  of 
tenders,  cutters,  gun-boats,  &c. ;  and  about  four  hundred  transports : — 
amounting,  in  the  whole,  to  neariy  six  hundred  and  fifty  sail.  The  naval 
command  was  given  to  rear-admiral  sir  Richard  J.  Strachan.  There  ac- 
companied the  expedition  an  army  of  more  than  thirty-nine  thousand 
troops,  under  the  command  of  the  earl  of  Chatham. 

The  object  contemplated  in  sending  so  large  a  naval  and  military  force 
to  the  Scheldt,  was  the  capture  or  destruction  of  all  the  French  ships  which 
should  be  found  lying  in  the  river ;  and  the  demolition  of  the  dockyard 
and  arsenal,  and  the  fortifications  which  had  been  recentlv  constructed ; 
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bat  as  to  the  ships^  it  was^  soon  found  that  they  could  be  withdrawn  so  far 
up  the  river,  as  to  be  sectire  from  any  attack  the  English  could  make  upon 
them.  The  citadel  of  Antwerp  commanded  the  dockyard ;  and  the  city 
itself  was  discovered  to  be  strongly  fortified,  and  to  be  capable  of  the  fur- 
ther protection  of  having  the  approaches  to  it  inundated. 

The  English  gained,  however,  some  advantages,  in  attacking  the  fortifi- 
cations upon  the  banks  of  the  river ;  they  obtained  possession  of  the  navi- 
gation of  the  western  Scheldt,  and  established  the  blockade  of  Flushing  by 
sea  and  land,  and  on  the  15th  of  August  that  city  was  surrendered  by  ca- 
pitulation. 

When  this  place  fell  into  the  hands  of  the  English  there  were  three 
ships' on  the  stocks  :  one  of  seventy-four  guns,  a  frigate,  and  a  brig;  the 
two  latter  were  destroyed  with  the  dockyard;  but  the  timbers  of  the 
other  were  brought  away,  and  the  ship  was  afterwards  built  at  Woolwich, 
and  launched  in  1812,  and  named  the  Chatham,  She  was  1860  tons  bur- 
then, and  measured  177  feet  9  inches  in  length  on  the  gun-deck,  48  feet 
10  inches  in  extreme  breadth,  and  21  feet  6j  inches  depth  in  the  hold. 
A  new  88-gun  frigate,  lying  at  Flushing  at  the  time  of  the  surrender,  fell 
likewise  into  the  hands  of  the  English. 

In  the  month  of  October  a  squadron  of  line-of-battle-ships  and  frigates, 
having  under  their  convoy  a  fleet  of  store-ships  and  transports,  quitted  the 
harbour  of  Toulon,  during  a  temporary  absence  of  lord  Collingwood^s  fleet. 
As  soon  as  this  movement  was  perceived  from  a  British  frigate,  this  frigate 
sailed  to  convey  the  intelligence  to  lord  Collingwood ;  and  it  was  supposed 
that  the  whole  of  the  Toulon  fleet  had  followed  those  which  were  seen  to  be 
leaving  the  port,  since  information,  which  had  been  communicated  to  the 
English,  had  led  them  to  conclude  that  the  relief  of  Barcelona  was  the  ob- 
ject for  which  this  French  fleet  had  sailed. 

Lord  Collingwood  therefore  took  his  station  with  the  view  to  intercept  the 
French,  if  such  should  be  their  destination.  The  fleet  which  he  com- 
manded consisted  of  fifteen  ships  of  the  line,  and  a  small  number  of  inferior 
rates.  The  frigates  were  ordered  to  look  out  for  the  enemy,  and  prepara- 
tions were  made  for  action.  On  the  evening  of  the  24th,  three  ships  of  the 
line  and  a  frigate  were  seen,  and  chased ;  the  pursuit  was  renewed  on  the 
following  morning,  when  two  of  the  French  ships,  one  of  eighty  and  the 
other  of  seventy-four  guns,  ran  ashore  near  to  each  other :  these  ships  were 
set  on  fire  by  their  crews  and  abandoned.  The  other  74-gun  ship  and  the 
frigate  entered  the  harbour  of  Cette,  from  which  they  afterwards  returned 
in  safety  tp  Toulon.  Several  of  the  vessels  which  had  left  Toulon  under 
convoy  were  captured ;  the  others,  with  the  light  vessels  forming  a  part  of 
the  convoy,  entered  Spanish  ports,  where  they  had  the  protection  of  strong 
batteries.  This  advantage  did  not,  however,  secure  them  ;  for,  on  the  night 
of  the  31st,  a  very  strong  detachment  of  boats  was  sent  into  the  bay  of 
Rosa.s,  and,  against  the  force  of  well  arranged  means  of  defence,  and  a  very 
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bfttve  resistance,  the  English  were  completely  successful  in  c^ituring  the 
eleven  vessels  which  had  taken  refuge  there;  some  of  which  they  destroyed, 
and  the  rest  they  carried  off  as  prizes.  The  blockade  of  Toulon  was*  re- 
sumed by  lord  CoUingwood. 

The  British  cruisers  were  veiy  active  during  the  year;  and,  considering 
the  general  restraint  and  caution  which  controlled  the  operations  of  the 
French  navy,  their  activity  was  not  without  success.  The  loss  to  the  French 
nftvy  by  the  intervention  of  the  English  was  two  ships  of  eighty  guns,  four 
of  seventy-four,  one  of  fifty,  twelve  frigates  of  forty  guns,  two  of  thirty-six, 
and  one  of  twenty-eight,  besides  smaller  vessels.  Of  these,  one  74-gujGL 
ship,  five  frigates  of  forty  guns,  two  of  thirty-six,  and  one  of  twenty-eight, 
and  several  corvettes  and  gun-brigs,  were  included  amongst  the  prises. 

Very  different  were  the  casualties  of  the  English  navy.  The  A ffa$Hemiwn, 
of  sixty-four  guns^  was  the  only  ship  above  the  rate  of  a  firigate  that  was 
lost,  and  this  ship  was  wrecked  in  South  America;  one  firigate  of  thirty- 
eight,  and  another  of  thirty-two  guns,  were  captured  by  the  enemy,  and 
three  frigates  of  the  latter  class  were  wrecked ;  three  sloops  foundered,  five 
were  wrecked,  and  two  were  captured ;  two  gun-brigs  foundered,  three  were 
wrecked,  one  was  burnt,  and  one  was  captured ;  one  cutter  foundered,  five 
were  wrecked,  and  one  was  captured ;  one  bomb-vessel,  of  eight  guns  and  two 
mortars,  was  wrecked ;  and  one  troop-ship  was  converted  into  a  fire-ship, 
and  used  in  that  capacity  in  the  attack  of  the  French  fleet  in  the  Basque 
roads.  Hence  it  appears,  that  out  of  thirty-two  ships  and  vessels  of  which 
the  British  navy  sustained  the  I0S9  during  the  year  1809,  only  six  were  lost 
by  the  intervention  of  the  enemy.  One  ship  of  sixty-four  guns,  one  of 
sixty,  and  twenty  frigates  and  inferior  vessels,  were  either  broken  up  or 
•old ;  making  the  loss  fifty-four  sail. 

To  be  placed  against  this  reduction  there  were  eight  ships  of  seventy-four 
guns,  eight  frigates,  and  seven  sloops,  launched  within  the  year;  and  one 
gun-brig  and  three  cutters  were  brought  into  the  navy,  besides  prizes  whidi 
had  been  taken  from  the  enemy.  There  were  also  ordered  to  be  built  three 
74-gun  ships,  three  firigates,  one  sloop,  and  six  cutters ;  and  there  was  a 
considerable  number  of  ships,  both  of  the  line  and  below  that  rate,  in  the 
course  of  building  at  the  end  of  the  year.  The  effective  navy  of  England 
had,  therefore,  declined  to  some  extent  witliin  the  last  twelve  months. 

At  the  beginning  of  1810  there  were  a  hundred  and  eight  ships  of  the 
line,  and  five  hundred  and  fifty-six  ships,  firigates,  sloops,  brigs,  cutters,  &c., 
in  commission  as  cruisers.  This  was  a  diminution  of  twenty  sail  in  the 
whole.  There  were  also  fewer  by  nine  lying  in  ordinary  for  sea  service, 
than  there  had  been  at  the  commencement  of  the  preceding  year. 

The  numerically  small  diminution  in  the  ships  of  the  British  navy 
appears,  in  the  estimation  of  the  admiralty,  not  to  have  impaired  the  gene- 
ral capabilities  and  efficiency  of  that  establishment ;  for  the  number  of  men 
required  for  the  service  of  the  navy  in  1810  was  increased  by  fifteen  thou- 
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sand  seameUj  making  the  total  number  of  seamen  and  marines  a  hundred 
and  fortjr-five  thousand  men.  These  were  provided  for  at  the  rate  of  four 
pounds  two  shillings  and  ninepence  for  each  man  per  month;  the  sum 
voted  for  the  ordinary  expenses  of  the  navy  was  £1^511^075^  and  that  for 
the  extraordinary  expenses  was  £1^841^007  :  these^  and  other  sums  voted 
for  carrying  on  the  different  branches  of  the  naval  service  for  the  year^ 
amounted  to  £18,975,120. 

There  were  few  opportunities  presented  during  the  year  by  the  enemy, 
for  calling  into  exerdse  the  force  of  a  British  fleet.  The  principal  part  of 
the  French  navy  lay  at  Toulon,  subject  to  the  blockade  of  an  Englidi  fleet. 
Ill  health  obliged  lord  Collingwood  to  resign  the  command  of  this  station 
early  in  the  year :  on  the  5th  of  March  he  sailed  from  Minorca  on  his  way 
to  England,  and  died  two  days  afterwards.  Admiral  sir  Charles  Cotton 
succeeded  him  in  the  command,  and  continued  the  blockade  of  Toulon. 
The  French  were  intent  on  realizing  a  continual  increase  by  the  building  of 
ships  of  war,  both  at  this  port  and  others ;  but  although  there  was  sometimes 
only  a  small  squadron  off  the  port  of  Toulon,  no  vigorous  attempt  appears  to 
have  been  made  to  release  the  port  from  the  restraint  which  even  a  moderate 
force  imposed.  On  two  occasions,  however,  in  July  and  August,  when  the 
blockading  force  was  very  small,  and  some  store-ships  inadequately  pro- 
tected were  approaching,  and  in  danger  of  being  captured  by  the  English, 
sufficient  squadrons  were  sent  out  to  protect  them,  and  partial,  but  incon- 
sequential encounters  between  them  and  the  English  took  place:  they 
merely  performed  the  service  for  which  they  had  been  sent  out,  and  returned, 
with  their  charge,  into  the  harbour. 

The  enemy^s  light  cruisers,  and  also  a  considerable  number  of  very  su- 
perior privateers,  were  actively  employed  in  the  European  seas  and  in  the 
British  channel ;  and  as  the  objects  of  attack  of  these  vessels  were  the 
coasting  and  other  trading  vessels  belongingto  England,  considerable  injury 
was  sustained  by  their  depredations.  Hence  considerable  activity  in  the 
Bridsh  cruisers  was  called  forth  against  them,  and  a  number  of  them  fell 
into  the  hands  of  the  English  during  the  year.  Some  of  the  privateers 
that  were  captured  were  very  fine  vessels,  and  nearly  new. 

The  success  of  the  EngUsh  against  the  national  cruisers  of  the  enemy  was 
not  great.  One  40-gun  frigate  was  captured  on  the  coast  of  France,  and 
another  was  destroyed :  besides  these  none,  except  of  inferior  rates,  were 
either  taken  or  destroyed  in  the  European  seas ;  but  in  the  Mediterranean 
and  Adriatic,  wherever  the  French  national  cruisers  or  privateers  were  in  ex- 
erdse,  thither,  almost  certainly,  one  or  more  British  cruisers  were  attracted. 
A  number  of  very  spirited  attacks  were  made  upon  the  islands  and 
colonial  settlements  of  both  the  French  and  Dutch ;  and  for  the  most  part 
they  were  successfrd.  In  the  Adriatic  sea  a  British  squadron  attacked  the 
island  of  St.  Maura,  which  was  occupied  and  garrisoned  by  the  French. 
The  operations  by  which  the  garrison  was  reduced  to  the  necessity  of  capitu- 
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lating  were  partially  military,  a  body  of  troops  having  been  taken  for  this 
service.  The  ships  employed  in  the  reduction  of  the  island  were  two  of 
seventy-four  gims,  two  frigates,  and  a  IC-^un  brig-sloop,  accompanied  by 
some  gun-boats. 

In  the  Indian  Ocean  the  Isle  de  Bourbon,  and  the  Isle  de  la  Passe,  were 
taken ;  but  the  latter  was  recovered  by  a  French  force,  which  arrived  some 
time  afterwards.  In  this  affair  the  English  unfortunately  lost  three  frigates ; 
one  of  which,  having  been  very  much  damaged,  was  obliged  to  surrender,  and 
the  two  others,  being  unable  to  retire  beyond  the  fire  of  the  enemy^s  frigates^ 
were  set  on  fire  and  abandoned.  The  isle  of  France  was  also  attacked  by  a 
considerable  force ;  the  naval  part  of  it  consisted  of  one  74-gun  ship,  twelve 
frigates,  and  a  small  number  of  sloops,  brigs,  &c.,  accompanied  by  a  con- 
siderable number  of  transports,  for  the  conveyance  of  troops. 

Early  in  the  year  a  small  force  sailed  from  the  East  Indies,  under  the 
command  of  captain  Tucker,  in  the  Dover  38-gun  frigate,  against  some  of 
the  Dutch  settlements  in  the  Malay  Archipelago.  By  a  series  of  successes 
the  English  became  possessed  of  the  island  of  Amboyna,  and  of  several 
other  islands  which  had  been  occupied  by  the  Dutch ;  and  in  July  a 
squadron  under  captain  Cole  reduced  the  Dutch  island  of  Banda. 

In  the  West  Indies  a  naval  expedition,  accompanied  by  a  considerable 
military  force,  proceeded  early  in  the  year  against  the  French  island  of 
Guadaloupe ;  which,  in  a  few  days  after  the  British  forces  had  been  landed, 
surrendered  by  capitulation.  The  surrender  of  this  island  was  soon  fol- 
lowed by  that  of  the  Dutch  islands  of  St.  Martin,  St.  Eustatia,  and  Saba ; 
and  by  this  expedition  both  the  French  and  Dutch  were  dispossessed  o(  the 
last  of  their  colonies  in  the  Antilles. 

The  direct  results  to  the  British  navy,  of  the  activity  of  its  cruisers  during 
the  year,  were  very  small.  At  the  isle  of  Bourbon  one  40-gun  frigate  was 
captured;  and  four  others  of  the  same  rate,  three  brigs,  together  with 
some  Indiamen,  merchant  ships,  &;c.,  that  had  been  captured,  were  taken 
at  the  reduction  of  the  isle  of  France.  At  the  same  time  two  36-gun 
frigates,  which  had  been  previously  taken  from  the  English,  were  recaptured. 
Only  three  of  the  frigates,  the  frigate-built  store-ship  Necessity,  and  a  sloop, 
were  added  to  the  British  na^y. 

The  losses  of  the  English  included  one  74-gun  ship,  the  Minotaur ^  which 
wjis  wrecked  at  the  mouth  of  the  Texel ;  one  frigate  of  thirty-eight,  five  of 
thirty-six,  and  one  of  thirty-two  guns ;  two  sloops  of  sixteen,  and  two  of 
ten  guns ;  one  12-gun  brig;  one  cutter  of  twelve,  two  of  ten,  and  one  of 
four  guns.     The  two  36-gun  frigates  which  were  captured  by  the  French, 
were  recovered  as  already  mentioned.     The  only  other  vessel  that  fell  into 
the  hands  of  the  enemy  was  the  Alban,  10-gun  cutter,  which  was  captured 
by  some  Danish  gun-boats.     The  Satellite,  16-gun  brig-sloop,  and  the.  Con- 
flicty  12-gim  brig,  foundered ;  all  the  others  were  wrecked,  with  the  ex- 
ception of  the  two  frigates  which,  in  the  attack  of  the  French  frigate-squadron 
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fit  the  isle  of  Prance,  accidentally  grounded,  and  were  destroyed  to  prevent 
their  becoming  prizes  to  the  enemy.  Separately  from  the  losses  sustained 
by  the  navy,  that  establishment  was  further  necessarily  reduced  during  the 
year,  by  the  wearing  out  of  sliips :  four  ships  of  the  line,  and  twenty-eight 
ships  and  vessels  under  the  line,  were  sold  or  broken  up  during  the  year. 

The  ships  launched  in  the  government  dockyards  were  the  Queen  Char^ 
lotte,  of  one  hundred  guns  and  2289  tons  ;  the  Impregnable,  of  ninety-eight 
guns  and  2278  tons ;  the  Boyne,  also  of  ninety-eight  guns,  and  2155  tons  ; 
and  four  frigates.  Eight  74-gun  ships  were  launched  in  private  yards,  the 
average  burthen  of  which  was  1763  tons ;  and  one,  the  Minden,  was  launched 
at  Bombay  of  1656  tons.  There  were  also  launched  in  private  yards  six 
frigates,  two  18-gun  sloops,  and  six  10-gun  cutters :  making  a  total  of 
twelve  new  line-of-battle-ships,  and  eighteen  ships  and  vessels  of  inferior 
rates.  Five  sliips  of  the  line,  and  eleven  of  inferior  rates,  were  ordered  to 
be  built ;  some  of  which  were  launched  within  the  year. 

A  material  diminution  occurred  during  the  year  in  the  number  of  crui- 
sers. The  line-of-battle-ships,  of  which  there  were  one  hundred  and  seven 
in  commission,  had  been  reduced  in  number  by  only  one ;  but  those  of  in- 
ferior rates  had  diminished  in  number  from  five  hundred  and  fifty-six  to 
five  hundred  and  thirteen,  making  a  diflFerence  of  forty-three.  In  ordinary, 
for  further  ser\'ice  at  sea,  there  were  seventeen  ships  of  the  line,  and  twenty 
ships  and  vessels  under  the  line.  The  ships  and  vessels  which  had  taken 
their  final  station  in  harbour,  were  rather  increased  in  number  during  the 
vearT 

There  were  a  hundred  and  forty-five  thousand  seamen  and  marines  voted 
for  the  service  of  the  navy  in  1811,  as  in  the  preceding  year,  in  the  same 
proportions,  and  with  the  same  allowance  for  their  maintenance ;  and  the 
sums  voted  for  the  ordinary  and  extraordinary  expenses  of  the  navy  were 
iei,578,l  13,  and  £2,046,200 ;  and  the  entire  supplies  granted  for  the  naval 
service  were  £19,822,000  sterling. 

The  only  station,  on  which  it  was  necessary  to  maintain  a  strong  fleet  as 
a  blockading  force,  was  still  off  Toulon.  The  fleet  M'ithin  that  port  was 
gradually  increasing,  and  a  part  of  that  increase  consisted  of  very  large 
ships  of  the  first  rate.  In  other  ports,  also,  the  building  of  ships  was  carried 
on  with  persevering  dOigence.  The  principal  service  of  the  Mediterranean 
fleet  continued,  therefore,  to  be  off  Toulon ;  but  as  the  French  admiral, 
whenever  he  conducted  his  fleet  outside  of  the  road  for  the  exercise  of  the 
seamen  or  other  purposes,  performed  that  service  with  too  much  caution  to 
place  it  in  the  power  of  the  Enghsh  admiral  to  bring  on  a  general  engage- 
ment ;  so  nothing  on  a  large  scale,  affecting  the  interests  of  the  hostile 
navies,  was  performed  by  the  British  fleet. 

Towards  the  end  of  the  summer  there  was  a  revival  of  hostile  appearances, 
connected  with  the  flotilla  which  had  been  provided  and  assembled  at  Bou- 
logne with  the  design  of  being  employed  in  the  invasion  of  England.     In 
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the  month  of  Septemb^^  when  Napoleon  was  inspecting  that  force^  a 
squadron  of  prames^  or  flat-bottomed  boats,  was  ordered  to  attack  the 
British  firigate  Naiad,  which  was  lying  at  anchor  at  some  distance  from  the 
shore.  The  attack  of  the  prames  was  soon  followed  by  that  of  a  squadron  of 
brigs.  At  length  the  frigate  got  under  weighs  to  obtain  for  herself  an 
advantageous  relative  position;  when  her  opponents  retired  towards  the 
shore,  that  they  might  have  the  protection  of  the  batteries.  Befcnre  any 
operations  began  on  the  following  morning,  the  frigate  had  been  joined  by 
an  18-gan  brig-sloop  and  two  10-gun  sloops,  and  a  cutter  of  eight  guns. 
A  squadron  of  brigs,  prames,  &c.,  was  perceived,  early  in  the  day,  to  be 
preparing  for  operations.  A  partial  engagement  took  place,  in  which  some 
loss  was  sustained  by  the  English ;  who,  however,  captured  one  prame, 
when  tiie  rest  of  the  prames  and  the  brigs  retired  within  the  protection  of 
the  batteries. 

In  the  month  of  March  a  very  brisk  engagement  took  place  between 
two  squadrons  of  frigates.  The  British  squadron  consisted  of  the  three 
frigates  Amphion,  Cerberus,  and  Active,  and  the  22*guu  ship  Volage;  and 
that  of  the  enemy  consisted  of  the  six  French  and  Venetian  frigates  FatH»- 
rite,  Corona,  Bellona,  Carolina,  Danae,  and  Flore,  and  the  16-gun  brig-cor- 
vette Mercure,  a  10-gun  schooner,  a  6-gun  xebec,  and  two  gun-boats. 
Whatever  was  apparentiy  deficient  on  the  part  of  the  English  was  amply 
supplied  by  their  well-formed  resolution,  supported  by  skill  and  bravery. 
In  an  early  part  of  the  engagement  the  Favorite  ran  ashore,  and  remained 
there.  The  action  was  continued  with  great  ability  on  the  part  of  the 
English,  whose  inferiority  in  numbers  gave  the  enemy  a  great  advantage. 
The  Amphion  was  at  one  time  engaged  with  two  frigates — ^the  Bellona  and 
/Tore— one  on  each  quarter.  From  this  awkward  position  she  succeeded  in 
releasing  herself,  and  proceeded  to  engage  the  most  powerful  of  the  two 
frigates,  which  was  compelled  to  surrender ;  and,  without  waiting  to  take 
possession  of  her,  the  Amphion  hastened  to  bring  to  dose  action  the  Bellona  : 
this  frigate  too  was  obliged  at  length  to  strike ;  and  this  second  surrender 
determined  the  result  of  the  engagement,  for  the  unsubdued  ships  then  en- 
deavoured to  escape  from  further  conflict.  One  of  the  British  frigates  and 
the  Volage  were  much  damaged  in  their  rigging,  and  rendered  unfit  for 
pursuit ;  and  of  this  circumstance  the  Flore  took  advantage,  and  escaped. 
The  Active,  which  remained  in  the  best  condition  for  service,  pursued,  en- 
gaged, and  captured  the  Venetian  frigate  Corona.  This  closed  the  action 
in  a  manner  quite  difierent  from  what  the  superior  force  of  the  enemy 
appeared  to  justify  them  in  expecting;  and  being  near  to  Lesina,  the  three 
frigates  which  had  escaped,  and  the  inferior  vessels,  secured  themselves  by 
entering  the  harbour  of  that  island.  A  flag  of  truce  was  afterwards  sent, 
with  a  demand  to  have  delivered  up  the  Flore,  which  had  escaped  after 
submission.  This  was,  however,  refused,  as  it  was  alledged  that  her  colours 
had  been  shot  away  in  the  action,  and  not  hauled  down ;  but  the  contrary 
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to  this  was  known  to  hare  been  the  case.  The  loss  of  the  enemy's  squadron 
amounted^  therefope,  to  only  three  frigates ;  two  of  which  were  prizes  in 
the  hands  of  the  English^  and  the  Favorite,  which^  having  accidentally  run 
ashore^  was  set  on  fire  by  her  own  crew  and  destroyed. 

Nor  were  the  naval  services  of  the  British  in  the  East  Indies  of  an  infe- 
rior character.  The  greatest  skill  and  intrepid  exertion  were  conspicuous 
in  the  train  of  services  by  which  the  island  of  Java  was  captured.  The  ex- 
pedition which  was  fitted  out  for  this  purpose  consisted  of  three  ships  of 
seventy-four  gnns^  and  one  of  sixty;  one  firigate  of  forty-four,  four  of 
thirty-eighty  six  of  thirty-six,  and  three  of  thirty-two  guns;  and  seven 
sloops,  together  with  several  cruisers  belonging  to  the  East  India  company ; 
and  a  considerable  number  of  transports  and  gun-boats.  Beyond  the  small 
service  of  getting  possession  of  a  few  forts  and  batteries,  which  was  per- 
formed by  the  ships,  the  result  of  the  expedition  in  reducing  the  island  de- 
pended chiefly  upon  the  military  part  of  the  enterprise ;  for  there  were  few 
proper  objects  for  naval  service.  Two  French  frigates  were  at  the  island 
when  the  English  arrived,  and  these  were  chased  by  an  English  frigate  and 
a  sloop ;  but  they  succeeded  in  escaping  from  their  pursuers. 

No  ships  above  the  rate  of  a  frigate  were  captured  by  the  English  during 
the  year.  Three  40-gun  frigates  were  taken  fi^m  the  French,  and  one  40 
and  one  88-gun  frigate  from  the  Venetians.  Two  French  40-gun  frigates 
were  destroyed,  after  having  been  run  ashore ;  one  in  attempting  to  escape 
from  a  British  ship  of  the  line,  and  the  other  in  the  frigate-squadron  en- 
gagement in  the  Adriatic,  as  has  been  mentioned,  and  one  was  wrecked. 

The  losses  which  the  British  navy  sustained^  far  exceeded  the  amount  of 
its  prizes.  The  St,  George,  of  ninety-eight  guns,  and  the  Hero  and  Defence, 
of  seventy-four,  were  wrecked  on  the  coasts  of  Holland  and  Denmark,  on 
their  return  from  the  Baltic  in  the  month  of  December ;  two  frigates  of 
thirty-eight,  two  of  thirty-six,  and  one  of  thirty-two  guns,  were  also 
wrecked;  one  18-gun  brig-sloop  was  wrecked;  two  of  the  same  class,  and 
a  16-gun  sloop  were  captured;  one  12-gua  brig  foundered,  two  were 
wrecked,  and  two  were  captured  by  the  Danes;  one  10-gun  brig  was 
wrecked,  and  one  foundered ;  two  10-gun  cutters  were  wrecked,  and  one 
was  captured ;  one  4-gun  cutter  was  wrecked,  and  one  was  captured ;  and 
the  Chichester,  store-ship,  was  wrecked  in  the  East  Indies :  making  a  total 
loss  of  twenty-five  sail  of  all  classes.  In  addition  to  the  losses,  the  navy 
was  further  materially  reduced  by  breaking  up  or  disposing  of  such  ships  as 
had  become  unserviceable.  These  amounted  to  three  ships  of  the  line,  and 
fifty-one  of  inferior  rates. 

The  ships  launched  within  the  same  period  did  not  compensate  for  these 
diminutions.  They  were  the  Union  of  ninety-eight  guns ;  the  74-gun  ships 
Alfred,  Asia,  Barham,  Duncan,  Edinburgh,  Hogue,  and  Stirling  Castle ;  one 
frigate  of  thirty-eight,  and  three  of  thirty-six  guns ;  one  20-gun  flush- 
decked  ship ;  and  two  10-gun  cutters.    Two  74  and  two  50-gun  ships,  one 
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36-gun  frigate^  one  20-gun  ship^  two  18-gun  ship-sloops^  fourteen  18-gnii 
brig-sloops,  twelve  12-gun  brigs,  and  two  lO-gun  cutters  were  ordered  to  be 
built ;  and  a  small  number  out  of  these  thirty-six  which  were  ordered  to  be 
built,  were  launched  within  the  year ;  but  this  left  a  considerable  reduction 
in  the  entire  navy,  as  it  stood  at  the  beginning  of  the  year  1812. 

At  this  period  there  were  in  commission  as  cruisers  a  hundred  and  two 
ships  of  the  Hne,  and  four  hundred  and  eighty-two  ships  and  vessels  of  infe- 
rior rates.  In  ordinary,  for  Airther  service  at  sea,  there  were  eighteen  ships 
of  the  line,  and  twenty-one  under  the  line ;  forty  ships  of  the  line,  and  ten 
under  the  line,  were  in  commission  for  harbour  service ;  and  forty-six  of  the 
line,  and  ninety-six  of  inferior  rates,  were  lying  in  ordinary. 

Previously  to  the  year  1801,  the  master-shipwrights  and  their  assis- 
tants, received  a  low  salary,  with  certain  perquisites,  as  a  compensation  for 
the  difference  between  their  salaries,  and  the  value  of  their  services.  One 
of  these,  consisted  in  the  privilege  of  taking  apprentices, — the  master-ship- 
wright being  permitted  to  have  five.  These  were  generally  youths  who 
had  received  a  better  education  than  those  who  were  bound  to  the  labour- 
ing mechanics  of  the  dockyards ;  and  a  premium  was  always  paid  with  them, 
as  a  compensation  for  the  professional  instruction  which  they  were  to  re- 
ceive ;  and  it  was  from  this  class  of  apprentices,  that  the  dockyards  were 
supplied  with  professional  officers.  As  the  premiums  were  often  large, 
this  source  of  emolument  added  very  much  to  the  value  of  those  appoint- 
ments in  the  dockyards  which  gave  the  privilege  of  taking  such  apprentices. 
But,  it  was  considered,  that  the  system  was  very  likely  to  be  abused ;  and 
there  can  be  but  little  doubt,  that  the  discretionary  power  vested  in  the 
officers,  was  sometimes  abused ;  although  practices  which  were  strictly  an 
abuse  of  power,  were  not  only  in  conformity  with  the  usages  of  the  es- 
tablishments, but  were  authorized  by  the  regulations  of  the  service.  And, 
even  in  instances  where  the  officers  might  act  with  the  most  exemplary  in- 
tegrity and  impartiality,  they  were  sometimes  suspected  of  acting  other- 
vrtse ;  they  suflFered,  therefore,  through  the  defects  of  the  system  under 
which  the  aflfairs  of  the  service  were  managed. 

But  the  system  was  not  defective  in  that  respect  alone.  The  means  of 
professional  instruction  which  it  provided,  were  not  such  as  are  necessary 
to  develop  and  cultivate  those  faculties  of  the  mind  which  are  required  in 
an  officer,  whose  duties  need  the  constant  exercise  of  thought,  ingenuity, 
precision,  and  confidence ;  nor  was  it  calculated  to  qualify  for  the  perfor- 
mance of  those  official  duties  which  are  necessarily  connected  with  the 
carrying  on  of  the  public  service  wdth  efficiency.  There  was  commonly  a 
deficiency  of  the  energy  which  is  always  needed  in  carrying  out  plans  of 
extensive  improvement ;  and  an  absence  of  that  freedom  and  expansiveness 
of  thought,  which  are  shown  in  forming  original  schemes  and  projects  of 
usefulness :  Professional  knowledge  was  almost  entirely  of  a  practical  kind ; 
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sufficient  for  the  purpose  of  building  ships;  and  to  form  an  adequate 
judgment  generally,  of  things  lying  immediately  within  the  limits  of 
their  duties.  Indeed^  towards  the  close  of  the  last  century^  the  ships 
appear  to  have  been  distinguished  by  remarkable  strength  and  durability  : 
for^  from  the  commencement  of  the  revolutionary  war,  until  peace  was 
restored^  the  ships  of  the  British  navy  were  employed  almost  incessantly 
in  the  most  arduous  services,  for  which  they  seemed  to  be  eminently 
suited. 

In  the  unremitting  assiduity  of  public  duty  in  the  dockyards  during  that 
period,  the  officers,  doubtless,  carried  on  the  works  with  energy  and  des- 
patch ;  and  this  must  have  contributed  most  materially  to  the  efficiency  of 
the  fleet.  It  is  true,  that  during  that  period,  there  were  several  instances 
of  turbulent  insubordination  amongst  the  workmen ;  but  the  moral  power 
which  the  arrangement  of  the  service^  at  that  time,  enabled  the  officers  to 
exercise  over  them,  was  so  well  employed^  that  order  was  speedily  restored, 
and  the  duties  of  the  yards  were  carried  on  with  the  greatest  vigour  and 
efficiency. 

The  regulations  which  were  introduced  into  the  service  in  1802,  and  con- 
tinued till  1804,  were  not  adapted  to  supply  the  dockyards  with  officers  of 
equal  efficiency.  For,  most  of  the  apprentices  that  were  taken  in  during 
that  period  were  without  education^  and  therefore,  in  addition  to  the  want  of 
intelligence  necessary  to  official  competency^  their  sentiments  and  associa- 
tions were  very  different  from  those  which  would  fit  them  to  command 
with  proper  effect.  Besides  this  original  disadvantage,  to  which  the  ap- 
prentices of  this  period  were  subject,  there  was  no  system  of  efficient  in- 
struction under  which  those  disadvantages  could  be  made  to  disappear ;  or 
that  should  fit  them  generally  for  superintending  and  carrying  on  the  im- 
portant duties  of  ship-building.  They  were  not  taught  to  work  from 
designs ;  nor  to  lay  off  ships  systematically  on  the  mould-loft  floor ;  al- 
though this  is  a  part  of  the  instruction  which  it  is  most  material  should 
be  known ;  and  it  is  necessary,  to  the  efficient  discharge  of  the  duties  of  a 
dockyard,  that  even  the  subordinate  officers  should  be  acquainted  with  this 
branch  of  the  profession. 

It  would  certainly  be  an  advantage  to  the  practical  mechanic,  that  he 
should  possess  some  amount  of  theoretical  knowledge ;  it  is  necessary  only 
to  perceive  the  intimate  connection  which  subsists  between  the  theory  and 
practice  of  ship-building,  to  be  aware  that  such  knowledge  would  be  useful 
to  him,  in  proportion  as  it  was  possessed.  Thought,  discretion,  and  skill 
in  various  degrees,  are  required  of  the  workman  in  executing  those  plans 
which  are  brought  forward  by  the  master ;  and  a  due  degree  of  theoreti- 
cal knowledge  enables  him  to  execute  with  confidence  and  accuracy  the 
various  practical  operations  of  his  art.  And  hence,  it  is  evident,  that 
the  interests  of  the  service  may  be  promoted,  by  having  the  workmen 
properly  trained,  not  only  to  the  efficient  exercise  of  their  muscular 
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powers^  but  in  the  discipline  and  cultivation  of  their  minds;  and  it  is 
much  to  the  credit  of  Her  Majesty^s  government^  that  schools  have  been 
recently  established  in  the  dockyards  for  the  better  education  of  the  ap- 
prentices. 

It  was  in  consequence  of  some  statements  in  the  report^  in  1806,  of  the 
commissioners  appointed  for  revising  the  civil  affairs  of  the  navy,  that  the 
government  determined  to  establish  a  system  of  education  for  a  superior 
class  of  sliipwright-apprentices,  with  the  view  to  obtain  efScient  officers 
for  the  dockyards.  This  plan  was  first  brought  into  operation  in  January, 
1811,  by  the  introduction  of  apprentices,  to  be  educated  at  the  royal  naval 
college  in  Portsmouth  dockyard. 

The  admission  of  this  superior  class  of  shipwright-apprentices,  and  the 
establishment  of  the  School  of  Naval  Architecture,  which  was  intended  to 
give  effect  to  the  design,  promised  the  greatest  advantages  to  the  service, 
by  providing  a  class  of  officers  of  superior  education  and  talent.  The  can- 
didates for  admission  to  this  school  were  selected  according  to  their  merit ; 
whilst  the  standard  of  required  previous  attainment  was  placed  so  high, 
that  youths  within  the  age  at  which  they  were  eligible,  could  not,  without 
very  creditable  mental  endowments,  reach  it,  and  the  examinations  of  the 
candidates  were  conducted  with  the  strictest  regard  to  merit. 

It  was  the  object  in  that  establishment  to  combine  a  systematic  and 
comprehensive  course  of  instruction  in  those  parts  of  mathematical  and  me- 
chanical science  which  are  either  directly  or  remotely  connected  with  naval 
architecture,  with  a  complete  course  of  practical  instruction  in  every  branch 
of  the  art  of  ship-building ;  and  throughout  the  course  of  education  at  this 
establishment,  a  general  emulation  was  carefully  excited  and  sustained, 
whilst  the  whole  was  eminently  fitted  to  qualify  young  men  for  the  important 
duties  of  a  ship-builder  and  naval  architect. 

It  is  frequently  observed,  that  theoretical  men  attach  a  degree  of  impor^ 
tance  to  the  principles  on  which  their  reasoning  is  based,  which  is  almost 
i  exclusive ;  and  in  their  partial  regard  to  theory,  they  often  develop  it  with 
/  too  Uttle  consideration  whether  it  is  in  a  state  in  which  it  can  be  applied 
;  to  practice.    At  the  same  time,  merely  practical  men,  who  can  seldom 
/   appreciate  what  is  purely  theoretical,  are  too  ready  to  despise  its  application 
'    to  the  objects  of  their  profession.    Thus,  between  these  two  extremes,  the 
important  fact  is  often  overlooked,  that  there  cannot  but  subsist  a  most 
intimate  connection  between  true  theory  and  practice, — a  connection,  in- 
deed, so  absolute,  that  whatever  is  true  in  either  of  them,  cannot  be  at 
variance  with  what  is  correct  in  the  other. 

The  true  principles  of  theory  must  ever  constitute  the  basis  on  which 
improvements  can  be  carried  on  with  certainty ;  for  theory  comprehends 
the  facts  which  practice  has  to  meet,  and  having  generaUzed^em,  _ex- 
hibits  the  principles  of  correct  practice.  And  hence  theory,  without  refer- 
ence  to  practice,  is  nonsense.    Practice  comprehends  a  set  of  operations  or 
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experiments  which  are  not  necessarily  methodized ;  whilst  theory  includes 
any  class  of  generalized  or  philosophically  arranged  experiments.  Prac- 
tice has  reference  to  a  design  already  formed ;  and  its  perfection  consists 
in  executing  such  design  without  fault.  Theory  supplies  the  principles 
upon  which  improvement  may  be  carried  on  with  confidence  to  perfection ; 
it  is  essentially  the  basi^  of  improvement^  although  it  may  not  always  be 
recognized  as  such ;  whilst  it  is  allowed  that  merely  practical  knowledge 
ipay  enable  a^rson  to  correct  many  obvious  defects  in  practice^  without 
referring  to^ny  ge3[ieral  principles  Bssk  guide. 

It  was  long  the  bane  of  the  British  naval  service^  and  the  obstruction  to 

....  -  •       -  * 

improvement  in  ship-building,  that  science  was  discouraged,  and  too  much 
confidence  was  placed  in  what  is  commonly  called  experience,  which  some- 
times includes  a  great  amount  of  error^  and  constitutes  a  barrier  to  en- 
lightened improvement.  • 

As  it  regards  the  instruction  which  was  given  at  the  School  of  Naval 
Architecture,  even  omitting  the  scientific  studies  of  the  apprentices,  it  may 
be  shown  that  their  professional  instruction  was  very  superior  to  any  that 
apprentices  in  the  dockyards  had  previously  received.  The  students  were 
obliged  not  only  to  work  at  their  tools  three  days  in  the  week,  to  become 
acquainted  with  the  general  operations  of  the  workmen ;  but  they  were  re- 
quired to  systematize,  under  strict  examination,  all  that  they  had  observed, 
embracing  the  methods  used  by  the  workmen  in  taking  an  account  of  work, 
and  in  trimming  snd  faying  particular  timbers  in  a  ship,  for  which  the  best 
workmen  are  usually  employed.  On  these  subjects,  as  well  as  on  all  others 
connected  with  the  practice  of  ship-building,  as  forming  and  combining  the 
various  parts  of  the  structure,  according  to  the  different  systems  which  were 
brought  under  their  notice,  suitable  explanations  were  given  to  them ;  and 
they  were  required  to  reason  on  these  subjects,  as  there  are  always  grounds  of 
preference  to  one  mode  over  another.  In  addition  to  this  they  were  taught 
to  make  draughts  of  ships,  and  to  lay  off  the  body  on  the  mould-loft  floor ; 
and  the  assistance  which  they  derived  in  this  part  of  their  professional  studies 
from  a  knowledge  of  geometry,  enabled  them  to  do  it  not  only  with  facility, 
but  with  that  degree  of  accuracy  which  alone  can  ensure  the  proper  shape 
to  the  ship.  This  was  sufficiently  manifest  in  the  ships  which,  in  the  course 
of  their  professional  studies,  they  laid  off.  For  receiving  and  practising  this 
part  of  tneir  instruction,  the  forenoon  of  each  of  the  first  three  days  in  the 
week  was  set  apart,  and  also  every  morning  before  breakfast.  They  had 
also  to  study  mast-making,  and  every  other  part  of  the  profession  that  was 
calculated  to  make  them  accurately  acquainted  with  the  practical  details  of 
the  construction,  the  fitting,  and  the  repairs  of  the  various  kinds  of  ships. 

The  scientific  part  of  their  instruction  consisted  in  "  preparatory  courses 
of  algebra,  geometry,  trigonometry,  mechanics,  hydrostatics,  and  the  differ- 
ential and  integral  calculus.^^  After  the  students  had  gone  through  these 
subjects,  they  began  a  strictly  professional  course  of  reading  on  the  theory 
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of  naval  architecture^  and  the  construction  of  ships,  according  to  a  system 
as  ably  conceived  as  it  was  carefully  and  successfully  developed  by  Dr. 
Ininan^  the  professor  of  mathematics  at  the  royal  naval  college.  The  time 
allotted  to  these  studies  was  the  first  three  afternoons  in  the  week ;  but  as 
much  time  and  dose  attention  were  required  to  be  devoted  to  these  sub- 
jects, the  evenings  were  generally  given  up  likewise  to  the  study  of  them, 
to  the  keeping  up  of  their  knowledge  of  the  subjects  which  they  had  already 
studied,  and  to  preparation  for  the  strict  examinations  which  they  had  to 
pass,  in  all  the  branches  of  their  previous  study. 

These  examinations  took  place  every  Christmas,  and  they  were  conducted 
partly  by  papers  containing  questions  on  every  subject  coimected  with  the 
studies  they  had  passed  through,  and  partly  vivd  voce.  These  required  the 
most  indefatigable  application  of  the  students.  The  examinations  were 
conducted  under  the  direction  of  Dr.  Inman,  whose  abilities  for  the  duties 
of  that  establishment  could  perhaps  hardly  be  exceeded.  He  was  assisted, 
in  the  preparatory  course,  by  the  first  mathematical  assistant  of  the  naval 
college ;  and  as  the  selection  of  both  professor  and  assistants  had  been 
most  judicious  and  successful,  so  the  students  had  the  greatest  advantage 
in  the  prosecution  of  their  mathematical  studies. 

The  students  were  bound,  for  the  term  of  seven  years,  to  the  superin- 
tendent of  the  school  of  naval  architecture ;  and  after  the  expiration  of 
this  term  they  were,  according  to  the  regulations  under  which  they  had 
entered,  to  fill  the  situations  of  master  boat-builder,  master  mast-maker, 
assistant  to  master  shipwright^  mechanist  in  the  offices  of  the  inspector- 
general  of  naval  works,  civil  architect  and  engineer,  assistants  to  the 
surveyor  of  the  navy,  master  shipwrights,  second  surveyor  of  the  navy, 
inspector-general  of  naval  works,  and  first  surveyor  of  the  navy. 

After  the  students  left  the  school  of  naval  architecture,  they  were  sent 
to  the  navy-office,  to  become  acquainted  with  the  methods  employed  there 
of  draughting  and  constructing  ships ;  they  were  also  sent  to  the  different 
offices  in  the  dockyards,  to  learn  the  routine  of  their  respective  duties ;  and, 
finally,  they  were  sent  to  sea  in  the  experimental  and  other  ships,  with 
instructions  to  make  their  own  observations  on  the  sailing  and  other  pro- 
perties of  the  ships,  on  which  they  were  respectively  to  report. 

Thus  all  was  done  that  could  be  done,  to  render  them  efficient  professional 
officers  of  the  dockyards ;  but  it  is  much  to  be  regretted,  that  through  the 
jealousy  or  mistaken  views  of  the  officers  of  the  dockyards,  several  of  those,  of 
whom  there  was  a  prospect  that  they  would  become  ornaments  to  their  pro- 
fession, were  lost  to  the  service.  This  loss  may  be  attributed  to  the  erroneous 
notions  about  experience.  The  students  left  the  school  of  naval  archi- 
tecture after  having  obtained  all  the  professional  information  that  could  be 
useful ;  but  the  experience  that  would  give  confidence  in  the  execution  of 
the  different  works  connected  with  ship-building,  must  be  gained  in  those 
situations  to  which  they  would  be  appointed ;  and  it  rested  with  the  officers 
of  the  dockyards  to  afford  them  the  facilities  of  gaining  this  experience.     It 
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was  necessary  that  tliej  should  feel  some  weight  of  responsibility,  otherwise 
they  would  lEail  of  having  sufficient  objects  to  engage  their  attention,  and 
mature  their  knowledge  in  the  course  of  practical  duty.  Without  this  re- 
sponsibility there  would  be  nothing  to  call  into  use  the  knowledge  they 
Iiad  acquired,  and  which  had  become  the  great  object  of  their  ambition  to 
apply  to  particular  purposes.  A  course  of  duties  involving  no  responsibility, 
and  therefore  requiring  no  exercise  of  that  knowledge  which  they  had 
acquired  with  so  much  labour,  would  be  distasteful,  give  rise  to  feelings  of 
disappointment,  and  lead  to  indifference.  The  consciousness  of  responsi- 
bility was  essential  to  the  maturing  of  their  qualifications  as  efficient  officers 
of  the  dockyards.  If  the  School  of  Naval  Architecture  had  fidled.  it 
would  not  have  been  through  the  want  of  information,  either  practical  or 
theoretical,  which  became  the  proper  objects  of  attention  to  the  students. 

It  is  hardly  possible  to  conceive  the  idea  that  any  really  intelligent 
person  at  all  conversant  with  the  character  of  naval  architecture,  should  fail 
of  recognizing  the  importance  of  a  superior  education  to  a  ship-builder. 
His  duties  Ml  below  those  of  no  other  class  of  persons,  in  requiring  a  \ 
thorough  knowledge  of  established  principles  in  natural  philosophy.    Ma-  ' 
thematical  science  has  developed  the  principles,  and  simplified  the  rules,  in 
accordance  with  which  we  can  carry  out  some  of  the  most  valuable  princi- 
ples in  the  construction  of  ships ;  and  every  fiEulure  in  construction  may  be 
attributed  to  the  neglect  of  some  of  these  principles,  or  to  a  want  of  • 
acquaintance  with  others  which  have  yet  eluded  discovery,  as  those  of  the  * 
resistance  of  fluids,  and  other  points  which  experiment  alone  can  never 
determine. 

A  thorough  knowledge  of  the  principles  of  mechanics  appears  essential, 
to  guide  in  the  proper  disposition  of  the  weights  of  so  complicated  a  machine 
as  a  ship;  to  prevent  excessive  violence  of  motion  in  a  tempestuous  sea; 
and  to  render  a  ship's  motions,  both  lateral  and  longitudinal,  as  limited 
and  easy  as  possible ;  as  excessive  motion  must  not  only  endanger  the  safety 
of  a  ship,  but  destroy  the  comfort  of  every  one  on  board,  and  certainly 
impede  the  sailing,  and  preve'nt  precision  in  firing  the  guns. 

A  competent  knowledge  of  chemistry  would  likewise  be  of  much  ad- 
vantage to  a  ship-builder,  as  it  would  disclose  to  him  accurate  views  of  the 
nature  and  properties  of  the  various  materials  entering  into  the  composition 
of  a  ship,  aud  teach  him  to  combine  such  substances  only  as  are  not  calcu- 
lated to  produce  injurious  effects  on  each  other,  through  their  peculiar 
chemical  properties ;  while,  by  an  acquaintance  with  chemistry,  his  obser- 
vations are  directed  to  appearances  constantly  occurring  in  the  execution 
of  his  duties,  which  would  otherwise  escape  his  notice.*    The  knowledge  of 

*  Since  the  above  was  written,  the  Admiralty  has  appointed  a  chemicsl  lecturer  to 
the  dockyards ;  which  tnoBt  ultimately  prove  of  great  Iwiefit  to  the  senioe. 

N  2 
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the  best  means  of  preserving  a  structure  from  decay^  and  rapid  dcteriora* 
tion^  is  scarcely  less  important  than  that  of  the  best  methods  and  principles 
for  conducting  its  original  formation. 

The  supplies  voted  for  the  navy  for  1812  were  still  a  hundred  and  forty* 
five  thousand  seamen  and  marines ;  and  these  vrere  provided  for  at  the  rate 
of  four  pounds  two  shillings  and  ninepenoe  a  man  per  month.  The  sum 
voted  for  the  ordinaiy  expenses  of  the  navy^  including  half-pay  to  naval  and 
marine  officers^  pensions^  &;c.,  was  £1,447,125  ;  and  that  for  the  extraordi* 
nary  expenses^  including  the  building  and  repair  of  ships  of  war,  and  other 
works  connected  with  such  services^  was  £1^696^621 :  these  sums,  and 
others  which  were  voted  for  the  wear  and  tear  of  ships,  naval  ordnance,  and 
all  other  purposes  for  carrying  on  the  naval  service,  amounted  to  the  total 
sum  of  £19,305,759. 

Several  vessels  built  about  this  period  claim  to  be  noticed,  more  on  account 
of  the  peculiarity  of  their  construction,  than  for  any  remarkable  excellence 
which  they  exhibited :  these  were  the  TVansit,  the  Inspector,  and  the 
Spanker,  floating  battery. 

The  IVansit  was  designed  by  Mr.  Oower,  an  officer  in  the  East  India 
Company's  Service,  and  was  launched  at  Itchenor,  in  Sussex,  in  the 
year  1800.  She  was  a  vessel  of  peculiar  construction,  and  was  in«> 
tended  for  the  packet  service.  In  her  first  trials  she  showed  superior 
qualities  as  a  sailer  and  a  sea-boat;  and  having  attracted  the  atten- 
tion of  the  royal  squadron  in  July,  1801,  and  previously,  that  of  earl 
Spencer,  when  he  was  first  lord  of  the  admiralty,  and  having  subsequently 
established  her  character  as  a  fast  sailer,  the  earl  St.  Vincent,  now  first 
lord  of  the  admiralty,  ordered  her  to  be  tried  against  the  Osprey,  a  fast 
sailing  sloop  of  war,  of  883  tons,  commanded  by  commander  Irwin,  in 
July,  1801 ;  and  it  appears  by  the  official  returns,  that  the  Transit  had 
great  advantage,  both  close-hauled  and  large ;  that  in  blowing  weather  she 
was  much  easier  and  drier  than  the  Osprey ;  and  that  when  pressed  under 
trial,  her  greatest  angle  of  heeling  was  about  ten  degrees.  Although  this 
vessel  had  displayed  great  superiority  in  sailing,  as  well  as  in  other  essen- 
tial properties,  yet  she  was  allowed  to  take  on  board  a  cargo,  and  to  sail 
with  a  convoy  of  merchant  vessels  :  in  this  service  her  good  qualities  as  a 
sailer  were  still  displayed  and  noticed,  particularly  by  captain  Paget,  of  the 
Hydra ;  and  it  appears  that  thqy  were  not  less  conspicuous  in  subsequent 
voyages  which  she  made  as  a  trading  vessel.  She  was  fitted  with  bulk- 
heads at  certain  distances  from  the  head  and  stem,  with  the  view  to  give 
transverse  strength,  and  also  to  keep  the  weights  away  firom  the  extremities. 

From  her  acknowledged  good  qualities,  the  late  lord  Vernon  had  a  yacht 
built  on  the  reduced  lines  of  the  Transit;  and  this  vessel  is  said  to  have 
possessed  weatherly  qualities,  and  to  have  sailed  well ;  but  it  is  said  she  was 
not  stiff  under  canvas. 
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'  The  dimensions  of  the  Trannt  were  as  given  below^  and  her  form  was  as 

that  shown  in  Plate  22  : 

Length  on  the  deck 

Breadth  extreme   . 

Breadth  on  the  water  line 

1  afore 
Load  draught  of  water   f -v^fl. 

The  rig  of  the  Transit  was  not  less  peculiar  than  the  form  of  her  hull : 
she  had  four  masts  (as  shown  in  plate  23)^  each  receiving  support  from 
another^  and  her  sails  were  so  cut  as  to  be  well  adapted  to  sail  close-hauled. 
They  were  so  formed  as  to  present  a  great  surface^  whilst  they  could  be 
reduced  to  a  very  small  quantity.  One  of  the  greatest  excellencies  of  this  rig 
appears  to  have  consisted  in  its  simplicity^  and  in  its  being  less  encumbered 
with  a  multiplicity  of  ropes,  &c. 

The  Camwallis,  a  snow,  built  in  the  East  Indies  about  this  time,  was  like- 
wise of  a  very  novel  construction,  as  inay  be  seen  by  the  form  of  her  midship 
section  (Jiff.  2,  plate  24) ;  and  if  full  credit  is  to  be  given  to  the  statements 
concerning  this  vessel,  she  had  surpassed  most  vessels  in  her  good  qualities, 
especially  as  to  her  stability  and  speed. 

The  Inspector,  from  the  peculiarity  of  her  construction  (see  fiff.  1,  plate 

24),  appears  to  have  been  intended  to  have  a  weatherly  quality ;  but  if 

we  may  judge  fr*om  the  short  time  which  this  vessel  was  running,  the 

design  failed  of  its  object.     Her  principal  dimensions  were  as  follow  : 

Feet.  Ins. 
Length  on  the  upper  deck     .         .        97    2 

Breadth  extreme   .  .         .        26  10 

Depth  in  hold       ....         13    3 

Burthen  in  tons,  306. 

The  Spanker,  floating  battery,  designed  by  Mr.  Richard  White,  was  one  of 
those  speculative  and  novel  constructions  which,  as  they  relate  to  the  interests 
of  naval  architecture,  have  been  too  often  carried  out  without  due  oonsidera^ 
tion  of  the  laws  of  floating  bodies,  and  without  reference  to  the  principles 
which  should  determine  both  the  form  and  capacity ;  and  it  is  fi^m  vague 
notions,  without  a  correct  knowledge  of  principles,  that  failures  in  the  con- 
struction of  ships  have  so  often  resulted;  and  this  was  never  more  conspicu- 
ous than  in  the  design  of  the  Spanker,  since  not  one  of  the  objects  for 
which  she  had  been  constructed  was  accomplished  by  her.  This  vessel  was 
intended  to  be  a  formidable  floating  battery,  to  carry  guns  of  large  calibre 
and  mortars,  so  as  to  be  suited  for  offensive  operations  in  bombardment,  as 
well  as  for  the  defence  of  harbours.  She  was  on  the  deck  111  feet  6  inches; 
and  42  feet  4  inches  in  breadth. 

The  main-deck  was  of  an  oblong  shape,  and  square  across  at  the  bow 
and  stem,  so  that  four  guns  might  be  fired  in  lines  parallel  to  the  keel. 
This  deck  was  made  to  project  beyond  the  bottom,  and  was  intended  to  be 
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Bufficieutly  high  above  the  water,  that  when  boats  should  go  alongside  to 
board,  thej  might  be  drawn  under  the  projection,  in  whidi  scuttles  were 
formed  to  fire  through  into  them ;  but  the  ship  had  not  enough  dispkice- 
ment,  and  the  projection  was  therrfore  brought  too  near  the  water  for  the 
boats  to  go  beneath  it.  Under  sail  this  vessel  was  unmanageable ;  hence 
she  was  soon  kept  for  harbour  service  only  at  Sheemess. 

As  it  regards  the  employment  of  the  fleets  of  the  British  navy  during  the 
year,  little  need  be  said,  as  little  was  done  by  them.  The  enemy,  whom 
they  were  stationed  to  blockade,  cautiously  avoided  putting  it  into  the 
power  of  either  of  the  commanders  of  these  fleets  to  do  more  than  watch 
the  general  inactivity,  in  port,  of  the  French  fleets,  which  were  constantly 
increasing  by  the  addition  of  new  ships ;  for  though  both  at  Toulon  and 
in  the  Scheldt  there  were  fleets  of  no  inconsiderable  force,  yet  they  were 
restrained  from  making  any  such  display  of  that  force  as  would  expose 
them  to  the  contingency  of  an  encounter  with  the  fleei»  to  whose  vigilance 
they  were  subject.  The  Toulon  fleet  did  sail  on  several  occasions  outside 
of  the  road;  but  such  opportunities  were  taken  for  those  exercises,  as  en- 
sured the  certainty  of  making  a  safe  retreat  within  the  harbour,  before  the 
English  fleet  could  put  them  to  any  inconvenience.  But  although  the 
French  were  able  to  make  so  little  use  of  their  navy,  they  were  assiduous  in 
increasing  its  force,  by  continually  building  large  ships ;  particularly  at  the 
ports  in  the  south  of  Europe.  In  the  course  of  the  year  one  ship  of  one 
hundred  and  thirty,  and  on^*.  of  seventy-four  guns  were  launched,  and 
several  ships  were  launched  at  the  Italian  ports. 

Early  in  the  month  of  March,  however,  a  squadron  of  four  ships  of  the 
line  and  two  corvettes  sailed  from  the  port  of  L'Orient.  These  were  soon 
discovered  by  a  frigate,  which  was  joined  first  by  one  and  then  by  two  ships 
of  the  line,  when  the  attention  of  the  British  squadron  was  directed  to  that 
of  the  enemy;  but  no  advantage  was  gained  by  the  EngUsh  from  the 
proximity  of  the  enemy's  squadron ;  this  was  soon  lost  sight  of,  and  after- 
wards cruised  for  nearly  three  weeks,  during  which  time  they  made  a  few 
small  priases,  and  then  returned  to  Brest,  without  meeting  with  any  other 
British  squadron  during  the  cruise. 

The  relations  of  England  became  materially  altered  during  the  year,  by 
the  restoration  of  peace  between  herself  and  Sweden  and  the  Russian  em- 
pire; by  a  declaration  of  war  between  Russia  and  France;  and  by  a 
similar  declaration  on  the  part  of  the  United  States  against  Great  Britain. 

The  new  declaration  of  war  against  France  was  material  to  England,  as 
it  engaged  Napoleon  in  a  remote  expedition,  which  withdrew  his  attention, 
to  a  great  extent,  from  England ;  and  the  disastrous  result  of  that  expedi- 
tion is  well  known. 

The  French  cruisers  became  still  less  active  than  they  had  previously 
been ;  but  there  occurred  two  encounters  in  the  months  of  March  and  July, 
between  portions  of  the  Boulogne  armament  and  British  light  cruisers. 
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On  the  first  of  these  occasions^  the  English  brig-sloops^  RosarioKai  Oriffim, 
attacked  a  squadron  of  twelve  brigs^  which  were  proceeding  cautiously  along 
the  shore ;  and  by  very  bold  and  persevering  conduct^  the  British  cruisers 
succeeded  in  getting  possession  of  three  of  the  enemy's  brigs^  in  disabling 
one  or  two  others^  and  in  driving  two  more  on  shore.  In  the  other  en- 
counter with  a  division  of  the  flotilla^  consisting  of  fourteen  brigs^  the 
British  brig-sloop  Raven  drove  three  of  them  ashore^  but  did  not  succeed  in 
making  a  single  prize. 

The  only  ship  that  was  captured  this  year  above  the  rate  of  a  firigate  was 
the  Bwoli,  of  seventy-four  guns.  This  ship  had  been  built  at  Venice  for  the 
French  navy ;  and  at  the  time  when  she  was  taken^  was  nearly  new.  When 
this  ship  was  known^  or  supposed^  to  be  nearly  ready  for  sea,  the  Victoria 
om,  of  seventy-four  guns,  and  the  Weasel,  an  18-gun  brig-sloop,  were  sent 
to  watch  her  motions.  A  very  short  time,  however,  before  they  arrived  off 
the  port  of  Venice,  the  Bivoli  had  sailed,  and  was  accompanied  by  several 
brigs  and  other  small  craft.  The  British  ship  soon  gained  sight  of  the 
BivoU  and  her  companions.  The  Weasel  engaged  the  Mercure  brig,  which, 
after  the  action  had  continued  about  forty  minutes,  blew  up.  This  was 
between  four  and  five  o'clock  in  the  morning,  in  the  month  of  February. 
In  the  meantime  the  Vtctorums  had  begun  the  engagement  with  the 
Bivoli;  hut  this  ship  was  defended  with  such  bravery  and  perseverance, 
that  the  action  lasted  four  hours  and  a  half,  and  during  the  latter 
part  of  this  time  the  Weasel  was  engaged  in  support  of  the  Victoriotis. 
Before  the  Bivoli  surrendered,  she  was  reduced  to  the  condition  of  being 
able  to  use  in  her  defence  only  two  guns,  and  nearly  half  her  men 
were  killed  or  wounded.  Both  ships  were  in  a  very  disabled  state  at 
the  close  of  the  engagement :  the  Bivoli  had  lost  her  mizen-mast,  and  the 
main-mast  and  fore-mast  were  so  much  injured,  that  they  fell  a  few  days 
afterwards. 

For  several  months  the  two  40-gun  French  frigates  Andromaqtie  and 
Arienne,  and  the  16-gun  corvette  Mamalouck,  had  been  at  sea,  committing 
extensive  depredations  upon  British  commerce,  before  they  were  met  by 
any  force  to  bring  them  to  an  engagement.  The  74-gun  ship  Northumber^ 
land  was  at  length  detached  to  look  after  them,  and  on  the  22nd  of  May 
she  fell  in  with  them,  as  she  was  cruising  off  the  port  of  L'Orient.  The 
object  of  the  French  was  to  escape,  if  possible,  within  that  port ;  and  to 
defeat  that  object,  the  Northumberland  engaged  them  so  near  to  the  shore, 
that  she  became  exposed  to  the  fire  of  several  batteries,  as  well  as  to  that 
of  the  frigates.  The  frigates  and  the  corvette,  however,  ran  too  near  the 
shore,  and  grounded ;  and  from  tMs  situation  it  was  found  they  could  not 
be  removed.  The  only  way,  therefore,  which  remained  to  the  EngUsh  to 
dispose  of  these  ships  was,  to  cannonade  them  until  they  were  destroyed  . 
and  preparations  were  made  for  the  performance  of  this  service  in  the  after- 
noon.   The  Growler  brig  now  arrived,  and  joined  the  Norihumbefiand 
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in  the  attack  upon  the  grounded  ships ;  and  this  attack  was  made  so  suc- 
cessfully^ that  both  the  frigates  and  the  corvette  were  set  on  fire,  and  all  of 
them  exploded  before  the  morning. 

No  ship  of  the  line  or  frigate  was  captured,  during  the  year,  from  any 
other  power  with  which  England  was  engaged  in  war.  On  one  occasion, 
however,  a  Danish  40-gun  frigate  was  destroyed.  This  was  the  Nafoden, 
which  was  seen  in  company  with  three  brigs  and  some  gun-boats,  upon  the 
coast  of  Norway,  in  the  month  of  July.  The  British  squadron  consisted 
of  the  Dictator,  of  sixty-four  guns,  the  brig-sloops  Calypso  and  Podargus, 
and  the  gun-brig  Flamer.  The  Danes  retired  into  a  creek,  and  were  fol- 
lowed by  the  English.  The  navigable  part  of  the  creek  was  narrow,  and 
one  of  the  sloops  took  the  ground ;  when  the  gun-brig  was  left  to  render 
her  assistance,  whilst  the  Dictator  and  the  other  sloop  proceeded  together 
to  attack  the  Danish  squadron.  The  result  of  the  engagement  was  the  de- 
struction of  the  NayadeUy  the  capture  of  the  three  brigs,  and  the  flight  of 
the  gun-boats ;  but  in  attempting  to  bring  off  two  oi  the  Danish  brigs,  they 
took  the  ground.  In  that  situation  a  brisk  fire  was  opened  upon  them 
firom  some  gun-boats,  so  stationed  that  it  could  not  be  returned,  which 
rendered  it  necessary  to  abandon  the  prizes ;  when  they  reverted  to  the 
possession  of  their  late  owners. 

At  the  time  when  the  United  States  of  America  declared  war  against 
England,  they  possessed  several  fidgates  of  extraordinary  dimensions  and 
force.  These  became  very  formidable  opponents  to  the  British  cruisers^ 
which  were  stationed  on  the  western  side  of  the  Atlantic.  For,  as  they 
were  far  superior  in  both  size  and  armament  to  British  firigates  generally,, 
and  were  also  very  efficiently  manned,  the  advantages  in  action  were  almost 
wholly  on  the  side  of  the  Americans.  The  first  encounter  a  British  ship 
had  with  any  of  these  frigates,  was  that  oi  the  Belvidera  firigate,.  when 
chased  by  an  American  squadron,  and  partially  engaged  by  the  President,, 
in  the  month  of  June.  On  the  19th  of  August,  the  3&-gun  firigate  Guer- 
riire  came  in  sight  of  the  American  frigate  Constitution,  of  the  nominal 
force  of  forty,  but  in  reality,  mounting  nearly  sixty  gims.  Neither  of  the 
ships  attempted  to  evade  the  other ;  and  an  action  soon  commenced,  which 
resulted  in  the  surrender  of  the  English  ship  to  her  powerful  antagonist. 
Towards  the  end  of  October,  the  Macedonian,  88-gun  frigate,  gained  sight  of 
the  (nominally)  44-gun  fiigate  United  States,  bXid  chased  her.  An  engage- 
ment ensued ;  and  after  the  British  frigate  had  been  reduced  to  an  entirely 
defenceless  condition,  she  surrendered.  A  third  engagement  between  the 
Java,  formerly  the  French  frigate  Renomm^,  and  the  Constitution,  led  to 
a  similar  result.  The  British  ship  was  reduced  to  an  unmanageable  and 
defenceless  state  by  her  powerful  opponent,  and  then  surrendered ;  but 
she  was  afterwards  burnt  by  the  American  commodore.  The  Alert,  16- 
gun  ship-sloop,  was  captured  by  the  American  82-gun  firigate  Esses ;  and 
the  FroUc  18-gun  brig-sloop,  by  the  American  ship-sloop  fVasp  :   but  the 
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American  sloop  was  taken^  and  the  Frolic  was  recovered^  on  the  same  day^ 
by  the  British  74-gun  ship  Poictiers. 

Besides  these^  the  British  navy  sustained  the  loss^  in  the  conrse  of  the 
year^  of  one  88-gan  firigate,  the  Lawrel,  the  Manilla  of  thirty-six^  and  the 
Barbadoes  of  twenty-eight  guns :  one  16-gun  ship-sloop^  and  two  16-gun 
brig-sloops^  two  18-gun  brig-sloops,  four  12-gun  brigs,  one  10-gun  cutter, 
and  one  fire  ship,  wrecked;  one  16-gun  brig-sloop,  one  10-gun,  and  two 
4-gun  cutters,  foundered ;  and  one  12 -gun  brig,  one  10-gun,  and  one  4-gun 
cutter  captured:  making  a  total  number  of  twenty-six  sail,  of  which, 
twenty-five  were  lost  to  the  naval  establishment.  There  were  also  four 
ships  of  the  line,  and  twenty-eight  frigates  and  smaller  vessels  sold  or 
broken  up  during  the  year. 

In  1812,  there  were  launched  thirteen  74-gun  ships,  one  40-gun  frigate, 
five  frigates  of  thirty-eight,  and  three  of  thirty-six  guns ;  and  thirty  ships 
and  vessels  of  inferior  rates,  including  fifteen  18-gun  brig-sloops,  and  ten 
gun-brigs  of  twelve  guns.  And  the  eight  ships  and  vessels  which  were 
purchased  into  the  service,  rendered  the  additions  to  the  navy,  within 
the  year,  although  not  equal  in  number  to  the  diminution,  yet  considerably 
superior  to  it  in  effect. 

There  were  ordered,  within  the  year,  to  be  built,  two  ships  of  one  hundred 
and  twenty,  two  of  one  hundred  and  twelve,  one  of  eighty,  and  six  of 
seventy-four  guns ;  five  frigates  of  forty,  fourteen  of  thirty-eight,  and  twelve 
of  thirty-six  guns,  and  thirty-nine  ships  and  vessels  of  inferior  classes : 
making  a  total  of  eighty-one  ships  and  vessels ;  some  of  which,  it  appears, 
were  launched  before  the  expiration  of  the  year. 

At  the  commencement  of  the  year  1813,  there  were  one  hundred  and  two 
ships  of  the  line,  and  four  hundred  and  sixty-eight  ships  and  vessels  under 
the  line,  in  commission,  as  cruisers ;  forty-one  of  the  line,  and  ten  of  the 
inferior  classes,  in  commission  for  harbour  duty ;  twenty-two  of  the  line, 
and  eighteen  under  the  line  in  ordinary,  for  further  service  at  sea ;  and 
fifty  of  the  line,  and  ninety-eight  under  the  line,  not  intended  to  be  again 
commissioned  for  sea  service. 

The  navy  was  but  little  reduced  in  its  amount  of  force  of  shipping  ;  but 
the  number  of  seamen  required  for  the  service  of  the  navy  was  reduced  by 
five  thousand;  and  the  hundred  and  forty  thousand  seamen  and  marines 
were  provided  for  at  tfa^  rate  of  d£4  2$.  9d,  a  man  per  month.  The  sum 
voted  for  the  ordinary  expenses  of  the  navy,  was  £1,700,135  ;  and  the 
extraordinary  expenses,  including  the  building  and  repair  of  ships,  and 
other  extra  work,  were  provided  for  by  the  sum  of  £2,822,031.  The  sum 
granted  for  the  wear  and  tear  of  ships  was  £3,549,000.  These  sums,  and 
others  which  were  voted  for  the  different  parts  of  the  naval  establishment, 
amounted  to  £20,096,709.  The  ordinary,  and  particularly  the  extraordi- 
nary expenses,  were  materially  increased. 

The  increase  in  the  extraordinary  expenses  may  be  partially,  if  not 
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wholly,  accounted  for  by  the  alterations  in  some,  and  by  the  building  of 
other  ships  with  the  view  to  encounter,  under  advantageous  drcomstanoes, 
the  large  and  powerful  Mgates  of  the  United  States.  It  does  not,  however, 
appear  that  the  building  of  any  new  frigates  was  essential  to  that  sendee, 
for  the  frigates  of  the  old  Ledums  class  efficiently  manned,  and  well  pro- 
vided, were  capable  of  meeting  them  with  confidence  and  success.  And 
although  the  Americans,  in  the  very  limited  number  of  ships  of  which  their 
navy  was  oonqposed,  had  aimed  at  an  individual  superiority  in  the  construc- 
tion and  armament  of  their  firigates,  yet,  the  disparity  of  force  by  which 
they  excelled  the  first  class  of  English  firigates,  was  such  as  the  English  had 
learned  in  their  long  experience  to  attach  little  importance  to,  when  an 
intrepid  officer  commanded  an  efficient  and  well  disciplined  crew.  The 
ships  which  were  razeed  in  contemplation  of  being  brought  into  action  with 
these  lai^  frigates,  were  of  superior  force  to  them  ;  but  it  was  still  the 
policy  of  the  admiralty  to  arm  the  ships  above  a  just  relation  to  thdr  di- 
mensions and  tonnage ;  whilst  they  were  too  often  inadequately  manned,  in 
comparison  with  the  ships  of  both  France  and  America.  The  smaller  classes 
of  cruisers  which  were  intended  to  capture  or  destroy  the  American  sloops, 
were  subject  to  similar  objections.  The  Bonne^Citoyenne  was  the  pattern 
of  a  number  of  ships  built  about  this  time  :  but  they  were  constructed  with 
materially  reduced  dimensions  of  length  and  breadth,  whilst  a  similar  ar- 
mament was  appointed  to  them  ;  and  the  ships  which  were  built  after  the 
form  and  proportions  of  the  Banne-Ciioyenne  were  not  to  be  compared  with 
that  fine  vessel.  Out  of  the  eight  ships  which  were  built  after  tbis  pattern 
and  launched  in  1813,  the  Myrmidon  was  the  only  one  whose  properties  were 
not  impaired  by  having  the  dimensions  contracted.  The  Bonne  CUoyenne 
was  120  feet  1  inch  long  on  the  gun-deck,  80  feet  11  inches  in  extreme 
breadth,  8  feet  7  inches  deep  in  the  hold,  and  measured  511  tons  burthen. 
The  Myrmidon  measured  509  tons ;  and  the  seven  others  averaged  about 
460  tons.  The  consequences  of  the  alterations  which  were  made  in  this 
class  of  ships  were  such,  that  the  expectations  which  had  been  formed  of 
their  capabilities,  were  greatly  disappointed;  whilst  the  cruisers  of  the 
United  States  were  generally  of  the  most  excellent  character,  as  to  effect- 
iveness and  sailing. 

Tlie  chief  employment  of  the  fleet  conmianded  by  sir  Edward  Pellew 
in  the  Mediterranean,  was  still  that  of  watching  the  fleet  lying  at  Toulon. 
This  service  was  but  little  diversified  by  events  throughout  the  year  ;  fbr, 
although  the  French  fleet  was  decidedly  superior  to  that  of  the  English, 
yet  no  disposition  was  evinced  to  take  advantage  of  that  superiority.  Divi- 
sions of  the  enemy's  fleet  were,  however,  occasionally  sent  out  for  the  pur- 
pose of  exercising  the  crews  ;  and,  on  one  of  these  occasions,  early  in  the 
month  of  November,  a  change  in  the  wind  enabled  the  English  to  ap- 
proach sufficiently  near  to  bring  on  a  partiad  engagement.  But  this  ended 
by  the  French  ships  effecting  their  retreat  into  the  harbour  of  Toulon, 
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before  any  result  of  consequence  could  be  produced  on  either  side.  The 
French  at  this^  and  at  their  other  naval  depdts^  continued  to  increase  their 
fleets  by  the  building  of  new  ships ;  but  the  fine  ships  which  were  thus 
added  to  heighten  the  effective  state  of  their  navy^  served  but  little  pur- 
pose^ as  they  were  restrained  by  circumstances  from  making  any  use  of 
their  fleets. 

Very  few  events  of  interest  occurred,  during  the  year,  between  the 
British  and  French  cruisers.  No  French  ship  of  the  line  appears  to  have 
been  engaged  by  any  British  ship.  The  most  distinguished  frigate  en- 
gagement was  between  the  Amelia  and  the  Ar^tkuse  on  the  night  of  the 
7th  of  February,  in  the  Atlantic  Ocean,  near  the  coast  of  Africa.  The 
action  was  not  begun  until  the  two  ships  were  very  near  together;  and 
little  time  then  elapsed,  before  they  were  alongside  of  each  other.  This 
collision  appears  to  have  been  accidental;  but  the  close  conflict  which  fol- 
lowed it,  was  maintained  with  a  determined  resolution  on  both  sides.  In 
addition  to  the  cannonade,  which  was  continued  more  than  three  hours, 
the  French,  who  were  more  numerous  than  the  English,  used  their  small 
arms  with  very  severe  effect ;  but  they  were  repulsed  fixim  boarding. 
Neither  ship  was  reduced  to  the  necessity  of  surrendering;  the 
French,  with  musket  and  cutlass,  had  prevented  the  English  from 
lashing  the  two  frigates  together;  and  in  the  calm  state  of  the  atmo8« 
phere  which  prevailed,  the  ships  separated,  and  continued  drifting  in 
different  directions,  until  they  were  beyond  gun-shot  of  each  other, 
when  all  firing  ceased. 

The  memorable  engagement  of  the  Shannon  with  the  Chesapeakey  was 
fought  on  the  Ist  of  June.  The  British  frigate  was  stationed  on  the  coast 
of  North  America ;  and  the  captain  of  her  evinced  a  strong  confidence 
in  the  capabilities  of  his  ship  and  her  crew,  by  sailing  very  near  to  the 
shore,  and  by  challenging  the  American  captain  to  meet  him.  The  bold 
confident  appearance  of  the  Shannon,  however,  seems  to  have  been  suffici- 
ent ;  the  Chesapeake  was  got  under  weigh ;  and  both  were  eager  to  deter- 
mine which  ship  should  be  the  conqueror. 

The  action  was  not  begun  until  the  two  frigates  were  near  together.  It 
then  commenced,  and  was  continued  with  great  bravery  for  about  ten  or 
eleven  minutes,  when  the  frigates  fell  on  board  of  each  other,  and  an  op- 
portunity presented  for  boarding  the  Chesapeake,  was  seized  at  the  critical 
moment.  In  this  operation.  Captain  Broke  led  his  men ;  and  in  less  than 
five  minutes  after  he  had  entered  upon  the  deck  of  the  Chesapeake,  that 
ship  became  his  prize.  The  result  of  this  engagement  raised  the  confidence 
of  the  English,  and  depressed  that  of  the  Americans,  in  respect  of  their 
frigate  engagements. 

Only  three  frigates  were  ci^tured  during  the  year,  from  both  the 
French  and  the  Americans.  From  the  former,  were  taken  the  two  40-gun 
frigates  Weser  and  TVave ;  and  from  the  latter,  the  diesapeake.     Several 


188  A    HISTORY    OP    NAVAL    ARCHITECTURl. 

national  veasels  of  inferior  rates  were  also  captured ;  as  were  also  a  few 
privateers  of  considerable  force. 

The  losses  snstsindd  by  the  British  navy^  consisted  of  one  74-gun  ship, 
burnt  by  accident ;  one  frigate  of  thirty-eight,  and  another  of  thirty-two 
guns,  one  22-gun  ship,  two  18-gun  ship-sloops,  three  18-gun  brig- 
sloops,  and  one  of  sixteen  guns,  two  12-gun  brigs,  one  10-gun  cutter,  and  a 
store-ship,  which  were  wrecked ;  two  10-gun  brig-sloops  and  a  10-gun  cutter 
which  foundered ;  one  18-gun  brig-sloop,  one  gun-brig  of  fourteen,  and 
another  of  twelve  guns ;  and  one  cutter  of  fourteen,  and  another  of  eight 
guns,  which  were  captured ;  a  10-gun  cutter,  that  was  destroyed  in  action 
with  a  French  privateer ;  and  a  gun-brig  of  twelve  guns,  that  was  de- 
•  stroyed  by  her  crew  to  prevent  her  being  captured. 

To  these  losses,  there  was  added  the  material  reduction  of  one  ship  of 
ninety-eight,  five  of  seventy-four,  one  of  sixty-four,  and  one  of  sixty  guns 
(the  Panther,  which  was  the  last  of  that  very  inefficient  old  class  of  ships), 
seven  frigates,  and  thirteen  ships  and  vessels  of  inferior  rates,  sold  or 
broken  up,  makiag  twenty-eight  sail;  and  six  line-of-battle  ships,  and 
six  frigates,  were  converted  to  other  classes. 

Four  seventy-fours — the  BenbaWy  Blenheim,  Camwallu,  and  Vindictive; 
three  fifty-gun  ships, — ^the  Jupiter,  of  1,178  tons,  the  Leander  and  New- 
castle of  1572  and  1556  tons,  were  launched;  the  two  latter,  with  the 
Forth,  lAffey,  and  Severn,  forty-gun  frigates,  were  built  of  pitch-pine. 
Eleven  frigates  of  thirty-eight,  and  eleven  of  thirty-six  guns  were  also 
launched ;  eight  of  the  former,  and  nine  of  the  latter,  were  built  of  red 
pine.  The  average  burthen  of  the  40-gun  frigates  was  1255,  that  of  the 
thirty-eight's  was  1077,  and  that  of  the  thirty-sixes,  was  about  943|  tons. 
Nine  sloops  built  on  the  reduced  lines  of  the  Banne'CUayenne,  averaging 
about  460  tons,  and  the  Myrmidon,  built  after  the  same  pattern,  of  509 
tons^  were  launched  during  the  year.  Fifteen  brig-sloops  were  built  after 
the  Cruiser,  and  launched  within  the  year  ;  the  average  burthen  of  these, 
was  386  tons :  and  eight  gun-brigs,  averaging  182^  tons,  were  likewise 
launched ;  with  a  few  other  ships  of  different  classes.  One  74-gun  ship, 
three  50-gun  ships^  two  frigates,  twenty  20-gun  ships,  two  18-gun  brig- 
sloops,  and  two  bombs,  were  ordered  to  be  built. 

At  the  commencement  of  the  year  1814,  there  were  ninety-nine  ships  of 
the  line,  and  four  hundreds  and  ninety-five  ships  and  vessels  under  the  line, 
in  commission  as  cruisers.  Thirty-nine  of  the  line,  and  nine  under  the 
line,  were  in  commission  as  guardships,  &c.,  in  harbours.  Nineteen  of  the 
line,  and  twenty-four  under  the  line,  were  in  ordinary,  suited  for  further 
service  at  sea ;  and  forty-seven  of  the  line,  and  one  hundred  and  nine  under 
the  line,  were  lying  in  ordinary,  not  intended  to  be  again  commissioned  as 
cruisers.  Of  the  cruisers,  as  they  stood  at  this  time,  fifty-two  ware  of  the 
middle  class  seventy-fours;  forty-nine  lai^e  class  thirty-eights;  forty-two 
small  class  thirty-sixes ;  thirty-three  18-gun  ship-sloops  with  quarter-deck ; 
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Eighty-one  large  claas  IS-gon  brig-sloops ;  thirty-two  16-gun  brig-sloops ; 
twenty-eight  10-gun  brig^sloops;  sixty-seven  gun-brigs  of  twelve  guns; 
and  twenty-four  IQ-gun  cutters  :  besides  smaller  numbers  of  almost  every 
other  class  of  ships  and  vessels  of  war. 

With  such  a  force  as  this,  there  was  a  complement  of  one  hundred  and 
^ght  thousand  six  hundred  seamen^  and  thirty-one  thousand  four  hundred 
marines  voted  to  the  naval  service.  But^  with  the  prospect  of  a  restora- 
tion of  peace^  this  supply  was  limited  to  seven  lunar  months ;  and  for  the 
six  remaining  lunar  months,  there  were  voted  seventy-four  thousand  sea- 
men, and  sixteen  thousand  marines.  The  maintenance  and  pay  of  these, 
were  {nrovided  for  at  the  rate  of  £4  5s.  9d,  a  man,  per  month.  The 
sum  of  £1,730,840  was  granted  for  the  ordinary,  and  that  of  £2,086,274  . 
for  the  extraordinary  expenses  of  the  navy.  The  sum  of  £3,268,000  was 
granted  for  the  wear  and  tear  of  ships :  and  the  entire  amount  of  supplies 
for  the  naval  service,  exceeded  the  sum  of  £19,312,000  sterling. 

The  blockade  of  the  port  of  Toulon  was  continued  by  vice-admiral  sir 
£dward  Pellew,  who  commanded  a  fleet  consisting  of  two  ships  of  one 
hundred  and  twenty  guns,  one  of  a  hundred  and  twelve,  one  of  a  hundred, 
five  of  ninety-eight,  and  six  of  seventy-four ;  and  a  very  limited  number  of 
light  cruisers.  This  service  constituted  the  principal  employment  of  the 
British  fleet  in  the  Mediterranean.  But,  although  the  French  had  a  fleet 
of  six  three-deckers,  and  sixteen  two-decked  line-of-battle  ships  lying  in 
that  port,  they  continued  to  maintain  the  same  reserve  with  regard  to  the 
use  of  that  fleet.  No  risk  was  run  of  a  collision  with  any  part  of  the 
British  fleet,  except  to  answer  some  particular  end. 

One  event  of  this  sort,  did  occur  in  the  month  of  February.  A  ship, 
which  had  been  built  and  recently  launched  at  Grenoa,  was  expected  at 
Toulon,  and  had  sailed  for  that  port.  With  the  view  to  her  safe  arrival,  a 
squadron  was  sent  out  to  meet  her,  and  escort  her  to  the  place  of  her  des- 
tination. The  British  fleet  was  cruising  at  some  distance  from  the  port, 
when  the  French  squadron  was  seen  at  sea ;  and  several  ships  immedi- 
ately advanced  to  cut  off  the  enemy^s  ships  from  returning  into  port.  The 
French  did  not  meet  the  new  ship ;  and  the  English  failed  of  cutting  off 
the  squadron  firom  retreat.  A  very  partial  engagement  occurred  between 
the  foremost  of  the  English,  and  the  rearmost  of  the  French  ships  :  but 
the  new  ship  was  not  intercepted;  and  it  arrived  in  safety  at  Toulon,  a 
short  time  after  the  event  had  occurred. 

In  the  Adriatic,  the  operations  of  the  British  cruisers  were  performed  in 
connection  with  those  of  the  army,  or  detachments  of  troops ;  and  the 
result  of  those  combined  operations  was,  the  surrender  by  the  French  of  all 
the  places  of  which  they  had  had  possession  along  the  shores  of  that  sea. 
Grenoa  was  amongst  the  important  places,  of  the  possession  of  which  the 
French  were  deprived  during  the  spring.  These  events  hastened  on  the 
crisis,  which  happily  gave  rest  to  Europe. 
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But^  daring  the  three  months  of  this  year,  which  preceded  any  negoti- 
ations for  peace,  the  British  and  French  cndsers  had  a  number  of  sharp 
engagements,  exceeding  in  proportion,  what  had  been  usual  for  a  con- 
siderable length  of  time.  The  prizes  which  were  obtained  by  these  en- 
gagements, were  the  seven  40-gun  frigates,  Alcmdne,  C4t4»,  Clorinde,  Etaile, 
IphigMe^  Sultane,  and  Terpsichore;  and  which  became  cruisers  in  die 
British  navy, — ^most  of  them,  however,  under  diflSerent  names.  And,  at  Hie 
taking  of  Genoa,  on  the  18th  of  April,  the  BrilHani,  of  seventy-four  guns^ 
was  found  ready  for  launching.  She  was,  accordingly,  launched  and  brought 
away  by  the  English,  in  whose  navy  she  was  known  afterwards  as  the  Genoa. 
This  ship  was  hirger  than  it  was  customary  to  build  ships  of  the  same  rate 
in  England.  Her  length  on  the  gun-deck,  was  180  feet  7  inches ;  extreme 
breadth,  48  feet  6|  inches;  depth  in  hold,  21  feet  7  inches;  proportion  of 
breadth  to  length  as  1 :  3.718;  and  burthen  1888  tons;  and,  unlike  a 
number  of  ships  of  war  which  the  French  had  built  hastily,  during  the  war, 
of  green  timber,  this  ship  was  built  of  good  oak,  and  remained  in  the 
British  service  a  considerable  time. 

Shortly  after  this,  by  the  convention  and  treaty  of  Paris,  peace  was  re- 
stored between  all  the  allied  powers  and  France ;  and  England,  after  that 
event  took  place,  had  still  America  to  contend  with  in  war. 

The  events  which  occurred  between  the  navies  of  Great  Britain  and  the 
United  States  of  America,  from  the  beginning  of  the  year,  until  nearly  the 
close  of  it,  when  peace  was  restored,  were,  for,  the  most  part,  on  a  small 
scale :  some  of  the  most  important  operations  being  those  carried  on  by 
means  of  boats  up  the  rivers  and  creeks  of  that  country.  Only  one  Ameri- 
can frigate  was  captured  during  the  year ;  this  was  the  Essex,  which  had 
been  sent  to  cruise  in  the  Pacific  Ocean,  where  she  had  captured  a  number 
of  British  ships  employed  in  the  whale  fishery.  A  prize  which  she  had 
taken,  was  armed  as  a  20-gun  ship,  and  called  the  Essex  Junior.  And 
early  in  February,  these  two  were  discovered  at  Valparaiso,  by  the  36-gun 
frigate  Phoebe,  and  the  18-gun  ship-sloop  Cherub,  which  had  been  sent  in 
search  of  them.  The  Americans  became  subject,  on  the  arrival  of  these 
ships,  to  a  confinement  of  about  seven  weeks  in  that  port, — ^and  were  then 
captured.  The  Essex  mounted  forty-two  guns,  although  she  measured 
only  867  tons,  having  been  built  as  long  ago  as  1798.  The  Frolic,  af- 
terwards named  the  Florida,  an  eighteen-gun  ship-sloop,  which  was  cap- 
tured from  the  Americans,  in  April  of  this  year,  was  very  different  in 
character  from  the  Essex.  This  ship  was  superior  to  any  of  the  same  class 
in  the  British  navy :  she  was  122  feet  long  on  the  gun-deck,  32  feet  4 
inches  in  extreme  breadth,  14  feet  3  inches  deep  in  the  hold,  and  measured 
549  tons,  and  was  only  two  years  old.  The  American  ship-sloops  were  gene- 
rally fine  vessels,  well  armed,  and  capable  of  engaging  with  considerable 
advantage  the  cruising  sloops  in  the  British  service,  these  being  of  ma- 
terially inferior  dimensions. 
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The  losses  sustained  by  the  British  navj  during  the  year,  were  confined 
entirely  to  the  smaller  classes  of  ships,  the  largest  of  which  was  the  Hermes 
of  twenty  guns,  which  was  destroyed  whilst  making  an  attack  on  an  Ameri- 
can battery.  The  Awm,  an  eighteen-gun  brig-sloop,  was  also  destroyed  by 
the  Americans :  after  having  been  reduced  to  a  helpless  condition,  in  an 
engagement  with  the  Wasp,  sloop  of  war,  she  surrendered.  But,  almost 
immediately  after  this,  another  British  cruiser  arrived  sufficiently  near  to 
be  a  witness  of  the  result  which  had  been  just  determined,  and  went  in 
chase  of  the  Wasp ;  but  was  soon  recalled  to  take  out  the  crew  of  the  Avon, 
which  had  been  just  accomplished,  when  the  ship  sank.  Two  brig-sloops 
of  eighteen  guns,  and  one  of  sixteen,  one  cutter  of  ten  guns,  and  two  of 
four,  were  captured  by  the  Americans.  Two  brig-sloops  of  eighteen  guns, 
one  cutter  of  fourteen  guns,  one  of  ten,  and  one  of  six,  and  a  troop-ship 
were  wrecked :  the  latter  was  the  Leopard,  formerly  a  fifty-gun  ship.  Two 
ship-sloops,  and  one  brig-sloop  of  eighteen  guns,  and  one  of  sixteen, — ^two 
ten,  and  two  four-gun  cutters,  foundered. 

The  war  having  at  length  closed,  a  great  number  of  ships  and  vessels 
were  sold  or  broken  up.  This  reduction  in  the  numerical  amount  of  the 
navy  consisted  of  one  ship  of  eighty  guns,  ten  of  seventy-four,  and  eight  of 
sixty-four ;  three  50-gun  ships ;  six  frigates  of  thirty-eight,  eight  of  thirty- 
six,  six  of  thirty-two,  and  three  of  twenty-eight  guns ;  one  24  and  four  20- 
gun  ships ;  three  ship-sloops  of  eighteen,  seven  of  sixteen,  and  two  of  four- 
teen guns ;  two  brig-sloops  of  eighteen,  nineteen  of  sixteen,  and  one  of 
fourteen  guns ;  two  gun-brigs  of  fourteen,  and  fourteen  of  twelve  guns ; 
and  twelve  cutters,  &c.,  of  different  classes :  making  altogether  nineteen 
ships  of  the  line,  and  ninety-three  ships  and  vessels  of  inferior  rates. 

The  Nelson  of  one  hundred  and  twenty  guns,  and  four  other  line-of- 
battle-ships,  one  50-gun  ship,  five  firigiates,  fifteen  20-gun  ships,  two  18-gun 
brig-sloops,  three  10-gun  brig-sloops  and  one  8-gun  bgmb-vessel,  were 
launched  within  the  year ;  and  one  74-gun  ship,  and  one  38-gim  Mgate, 
were  ordered  to  be  built. 

The  real  naval  force  of  the  country  was  also  much  diminished.  The 
seven  first-rates  were  put  out  of  commission,  as  were  three  ships  of  the 
second,  and  forty-two  of  the  third  rate ;  and  the  number  of  cruisers  under 
the  line  was  reduced  to  three  hundred  and  ninety-two,  as  the  establishment 
stood  at  the  commencement  of  the  year  1815.  There  were  then  in  ordinary 
sixty-two  ships  of  the  line,  and  fifty-three  under  the  line  :  there  were  also 
lying  in  ordinary,  not  intended  for  further  service  at  sea,  seventy-one  ships 
of  the  line,  and  a  hundred  and  nine  ships  and  vessels  of  inferior  rates. 

The  naval  supplies  for  the  year  provided  for  the  maintenance  of  seventy 
thousand  seamen  and  n^arines  for  the  first  three  months,  and  ninety 
thousand  for  the  remaining  ten  lunar  months,  at  the  rate  of  j£4  6s.  9d, 
a  man  per  month.  The  sum  voted  for  the  ordinary  expenses  of  the  navy, 
was  £2,278,929;  and  that  for  the  extraordinary  expenses,  was  £2,116,710. 
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The  excess  of  these  two  items  over  the  corresponding  sums  in  the  preced- 
ing year's  estimates^  was  about  £578^524.     The  sum  for  the  wear  and 
tear  of  ships^  was  £2^386^500 ;   and  other  expenses  added  to  these^  made 
\  the  navy  estimates  for  the  year  amount  to  the  sum  of  £17^082^700;  and 

V  to  thii  was  added  the  sum  of  £2^000,000  sterlings  towards  paying  off  the 

debt  which  had  been  contracted  in  carrying  on  the  great  naval  operations 
»'<  of  the  war. 

Although  the  treaty  of  peace  between  Ghreat  Britian  and  the  United 
States  of  America  was  signed  in  Europe  on  the  14th  of  December^  1814, 
yet^  as  that  fact  wa3  unknown  in  America  until  some  time  afterwards,  the 
cruisers  of  the  two  countries  continued  their  services  with  their  costomaiy 
activity.      In  the  month  of  January,  the  violence  of  the  weather  drove 
a  British  squadron,  which  had  been  stationed  on  the  coast  of  America, 
from  the  position  which  it  had   occupied;    and  allowed  the  President, 
one  of  the  large  American  frigates,  and  a  brig,  to  put  to  sea  together. 
The  President  had  not  been  long,  however,  at  sea,  before  she  was  fallen  in 
"^     with  by  two  of  the  British  cruisers,  the  Mqfestic,  a  razee,  and  the  Endy- 
mian  frigate,  which  chased  the  President ;  and  in  a  few  hours  the  Endymion 
\     began  to  fire  upon  her,  and  a  sharp  engagement  followed,  until  the  British 
^      frigate's  rigging  and  sails  were  so  much  damaged,  that  it  was  necessary  to 
bend  new  sails.      Whilst  this  service  detained  the  Endymion,  the  en^ny, 
which 'was  supposed  to  have  surrendered,  endeavoured  to  escape,  but  was 
met  by  the  Pomone  frigate,  from  which  she  received  two  or  three  broad- 
sides, to  which  the  reply  was,  that   the  ship  had  surrendered.      Before 
possession  was  taken,  the  Tenedos  frigate  arrived  also,  and  received  the 
same  information  from  the  American.    Each  of  these  frigates  had  sent  a 
boat  to  take  possession  of  the  prize  before  the  Efidymion  could   do  so, 
although  this  frigate  had  fairly  beaten  the  American.  K  The  President  was 
superior  to  the  Endymion  by  256  tons  in  burthen,  by  eight  guns  in  arma- 
ment, and  in  her  crew,  by  nearly  one  hundred  and  fifty  men.  The  armament 
of  the  President  was  also  of  larger  calibre  than  that  of  the  British  frigate. 
A  few  small  British  cnusers  fell  into  the  hands  of  the  Americans  before 
hostilities  terminated.  *  The  Constitution,  a  large  frigate,  was  now  one  of 
the  most  active  cruisers  belonging  to  the  United  States;  and  in  the  month 
of  February  she  captured  the  22-gun  ship  Cyane,  and  the  Levant  sloop, 
mounting  twenty  guns.    This  ship  and  her  two  prizes  were  fallen  in  with 
a  short  time  afterwards,  at  the  Cape  de  Yerd  islands,  by  the  British  frigates 
Leander,  Newcastle,  and  Acasta,    On  the  approach  of  the  English,  the 
American  frigates  and  her  companions  sailed,  endeavouring  to  avoid  a 
meeting.     The  frigates  chased  them :  but  with  no  greater  advantage  than 
the  recovery  of  the  Levant,  after  that  ship  had  taken  refuge  in  a  Portu- 
guese port,  presuming  that  the  neutrality  of  the  place  would  insure  se- 
curity.    The  Constitution  escaped  by  virtue  of  her  sailing  qualities,  as  she 
had  done  twice  before,  in  the  years  1812  and  1814. 
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The  return  of  Buonaparte  from  Elba  oocasioned  a  renewal  of  hostilities 
between  England  and  France;  and  one  of  the  measures  taken  by  the 
British  government  for  hastening  the  new  war  to  a  crisis^  was  the  sending 
of  a  fleets  under  the  command  of  }ord  Exmouth  (formerly  sir  Edward 
Pellew)^  into  the  Mediterranean.  It  was  not^  however^  possible  for  N9po- 
leon  to  render  it  a  naval  war  with  any  prospect  of  success.  His  great 
resources  were  military,  and  the  events  of  that  day  which  witnessed  the 
last  defeat  of  that  great  commander,  need  not  be  related  here.  Buona- 
parte was  desirous,  after  that  final  triumph  of  the  English,  to  retire  to  the 
United  States  of  America;  but  he  found  no  opportunity  of  eluding  so 
effectually  the  vigilance  of  the  English  as  to  be  able  to  do  so,  and  in  that 
hopeless  prospect  he  surrendered  himself,  on  the  15th  of  July,  to  ciq[itain 
Frederick  L.  Maitland,  commanding  the  74-gan  &hip  Bellerty^han,  which 
was  lying  in  the  Basque  roads.  He  was  immediately  conveyed  to  England ; 
and,  on  the  8th  of  August,  the  Northumberland  sailed  with  him  for  St. 
Helena,  the  place  of  his  banishment,  where  he  was  landed  about  the  middle 
of  October. 

But  before  the  contest  between  England  and  France  was  brought  to  a 
close,  a  few  naval  events  occurred.  One  of  these  was  the  capture  of  the 
Melpomkne,  40-gun  Mgate,  by  the  BivoU.  This  frigate  had  been  built  at 
Toulon,  in  1818,  and  measured  1087  tons.  Her  principal  dimensions  were 
152  feet  10^  inches  in  length  on  the  gun-deck,  40  feet  H  inch  in  extreme 
breadth,  12  feet  64  inches  deep  in  the  hold,  and  the  length  was  8*82  times 
the  breadth.  No  other  ship  of  war  or  frigate  was  captured  from  the  Flinch 
during  the  short  period  of  renewed  hostilities. 

Peace  was,  in  effect,  restored  by  the  surrender  of  Napoleon ;  and  it  was 
confirmed  by  the  treaty  which  was  signed  at  Paris  on  the  20th  of  Novem- 
ber following.  England  retained  very  little  of  the  territory  which  had  been 
taken  from  France  during  the  war ;  but  the  peace  was  established  upon  a 
more  stable  basis  than  it  had  been  at  the  commencement  of  the  century. 

With  the  prospect  of  a  weU-established  peace,  the  naval  establishment 
was  greatly  r^uced.  Sixteen  ships  of  the  line,  and  seventy-five  under  the 
line,  were  sold  out  of  the  service  or  broken  up :  one  of  these  was  the  Salva- 
dor  del  Mundo,  of  one  hundred  and  ten  guns,  which  had  been  taken  from 
the  Spaniards  in  1797,  and  measured  2898  tons.  Eight  ships  of  the  line, 
and  thirteen  under  the  line,  underwent  alterations  which  reduced  them  to 
other  dasses.  There  were  wrecked  one  88-gun  frigate,  one  18  and  one 
16-gun  ship-sloop,  a  14-gun  cutter,  and  a  troop-ship.  One  ship  of  twenty- 
two  and  one  of  twenty  guns,  an  18-gun  brig-sloop,  and  a  12-gun  cutter, 
were  captured  by  the  Americans :  the  capture  of  the  two^hips,  and  the  re- 
capture of  one  of  them,  the  Levant ,  have  been  already  mentioned. 

The  ships  launched  during  the  year  were  eight  of  the  line,  the  Howe  and 
St.  Vinceni  of  one  hundred  and  twenty  guns,  the  Cambridge  of  eighty,  and 
the  D^ence,  Hercules,  Hero,  Redoubtable,  and  Welleeley,  of  seventy-four. 
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and    nine   of  inferior   rates,  amongst  which   were  the  /ora,  Ins,  and 
Ramney, 

By  the  beginning  of  the  year  1816^  the  naval  establishment  was  so  far 
reduced^  that  there  were  only  thirty  ships  of  the  line^  and  two  hundred  and 
three  ships  and  vessels  under  the  line^  in  commission  as  cruisers :  three 
ships  of  the  line,  and  two  of  inferior  rates,  in  commission  at  the  several 
ports.  Seventy  ships  of  the  line, — ^which  were  eight  of  the  first  rate,  six 
of  the  second  rate,  and  iifty-six  of  the  third  rate, — and  one  hundred  and 
thirty-four  ships  and  vessels,  from  the  fourth  rate  down  to  cutters,  were 
in  ordinary,  eli^ble  for  further  service  at  sea.  There  was  also  the  same 
number  of  ships  and  vessels  in  ordinary  for  harbour  service,  &c.  At  this 
time  the  proportions  of  foreign*built  ships  in  the  British  navy  were  one- 
ninth  of  the  line-of-battle-ships ;  and  very  nearly  one-eighth  of  the  inferior 
classes  were  at  sea  or  suited  for  further  service  at  sea ;  and  of  those  which 
were  fit  only  for  harbour  service,  there  were  twenty- three  out  of  the  seventy- 
three  line-of-battle-ships,  and  thirty-nine  out  of  the  hundred  and  thirty- 
six  ships  and  vessels  under  the  line,  of  foreign  build.  None  of  the  unfin- 
ished ships  on  the  stocks  are  taken  into  these  statements. 

In  the  reduction  to  which  the  naval  establishment  had  been  subjected 
since  the  restoration  of  peace,  thirty-three  thousand  seamen  and  marines 
were  deemed  sufficient  for  the  year ;  and  these  were  provided  for  at  the  rate 
of  £4  5s.  9d.  a  man  per  month.  The  sum  voted  for  the  ordinary  expenses 
of  the  navy  was  d£2,689,931  18^.,  and  that  for  the  extraordinary  expenses 
was  £2,102,663 :  these,  and  the  various  other  expenses  of  the  navy,  and  of 
the  establishments  and  services  connected  with  it,  amoimted  to  £10,1 14,345. 

The  British  navy  still  continued  to  be  diminished  by  the  breaking  up, 
and  otherwise  disposing  of,  a  considerable  number  of  old  ships,  a  reduction 
which  was  very  desirable  after  the  long  and  arduous  sendees  which  had  tried 
its  energies  for  so  many  years ;  for  reduction,  under  such  cirumstances, 
contributes  to  improvement,  when  establishments  have  grown  beyond  the 
limits  of  ample  capability  and  usefulness. 

Nothing  occurred  to  call  into  hostile  exertion  the  powers  of  the  British 
navy  until  the  summer.  At  length,  the  piratical  depredations  and  the 
cruelty  of  the  Algerines  grew  to  such  a  height,  that  it  was  deemed  neces« 
sary  to  send  out  an  expedition  capable  of  inflicting  so  severe  a  chastisement 
upon  the  city  of  Algiers,  as  to  ensure  obtaining  firom  the  Dey  the  ends  of 
justice  on  behalf  of  European  commerce,  and  the  release  firom  captivity  of 
Europeans  who  had  been  taken  by  the  pirates,  and  consigned  to  slavery. 

When  the  course  of  retribution  was  resolved  upon  by  the  British  govern- 
ment, admiral  lord  Exmouth  was  appointed  to  command  the  fleet  which 
should  execute  it ;  and  the  fleet  which  was  fitted  out  on  the  occasion,  con- 
sisted of  the  Queen  Charlotte  of  one  hundred  guns,  the  Imprefffiable  of 
ninety-eight,  three  ships  of  seventy-four  guns  and  one  of  fifty,  two  40  and 
two  36-gun  frigates,  two  18  and  three  10-gun  brig-sloops,  four  bombs. 
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and  two  oar  three  other  yessels  for  pBrticalar  services  connected  with  the 
expedition.  This  fleet  sailed  firom  Plymouth  about  the  end  of  July>  and  in 
twelve  days  afterwards  anchored  in  the  bay  of  Qibraltar.  Here  lord 
Exmonth  accepted  the  offered  service  of  a  Dutch  squadron^  consisting  of 
four  40  and  one  30-gun  frigates^  and  an  18-gun  corvette^  to  co-operate  in 
the  attack  on  Algiers. 

On  the  14th  of  August^  the  combined  British  and  Dutch  fleet  set  sail 
firom  Gibraltar,  having  made  all  the  necessary  preparations,  and  taken 
several  gun-boats  and  flat-bottomed  boats  to  be  employed  in  that  service. 
The  fleet  did  not,  however,  come  within  sight  of  the  city  of  Algiers  until 
the  morning  of  the  27th ;  and  on  the  forenoon  of  that  day  a  flag  of  truce 
was  sent,  proposing  conditions  to  the  Dey,  and  requixing  an  answer  within 
a  limited  time.  The  reply  did  not  arrive  within  this  time ;  and  it  was 
hence  concluded  that  he  would  not  accede  to  the  terms.  The  fleet  pro- 
ceeded therefore  to  carry  into  effect  the  extreme  measures  for  which  it  was 
prepared;  and  at  a  few  minutes  after  half  past  two  o^clock,  the  admiral's 
ship  came  to  anchor  within  a  very  short  distance  of  the  mole-head ;  and 
the  other  ships  anchored  as  soon  as  thqr  could  arrive  at  the  stations  to 
which  they  had  been  appointed. 

The  action  was  begun  by  the  firing  of  a  few  shot  from  the  Algerine  for- 
tifications, which  were  very  strong  and  extensive,  and  mounted  with  a  very 
large  number  of  cannon.  The  Queen  Charlotte  quickly  returned  the  fire 
of  the  batteries  with  a  most  destructive  effect ;  for  three  broadsides  from 
that  ship  destroyed  the  part  of  the  fortifications  against  which  they  were 
directed ;  and  immediately  the  same  vigorous  and  effective  fire  was  turned 
against  another  part  of  the  batteries,  which  was  soon  likewise  wholly  dis- 
abled. A  heavy  fire  was  also  kept  up  by  the  Algerines ;  and  several  of 
the  ships  sustained  considerable  loss ;  but  still  they  maintained  their  de- 
structive fire  till  about  ten  o'clock  at  night.  The  6re  from  the  batteries 
had  nearly  ceased  by  that  time;  and  the  admiral  withdrew  his  ships,  for 
the  night,  beyond  the  reach  of  the  feeble  fiire  that  was  yet  kept  up  fiK>m 
the  shore.  During  the  time  that  the  ships  of  war  were  cannonading  the 
fortifications,  the  four  bomb-vessels  threw,  it  is  stated  in  the  narrative  of 
this  expedition,  nearly  a  thousand  shells ;  many  of  which  falling  upon  the 
fortifications  and  the  city,  set  fire  to  it  in  several  parts :  and  others  falling 
upon  the  ships  and  vessels  in  the  harbour,  produced  amongst  them  a 
general  conflagration,  which  was  communicated  to  the  arsenal  and  store- 
houses. A  ftigate  which  was  moored  across  the  mole  was  set  on  fire  by 
boats  which  were  sent  from  the  Queen  Charlotte  for  that  purpose,  and  was 
destroyed. 

On  the  following  day,  a  flag  of  truce  was  sent  with  a  repetition  of  the 
demands  which  had  been  made  on  the  arrival  of  the  fleet.  And,  after  the 
very  extensive  injury  which  the  adkm  had  inflicted,  there  was  little  difli- 
culty  in  obtaining  concessiona  to  aU  the  requirements  that  were  made. 

o2 
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These  were  the  anoonditionnl  release  of  all  christian  slaves^  and  an  engage- 
ment to  abolish  the  practice  of  enslaving  Europeans ;  the  repayment  of 
882^500  dollars  which  had  been  paid  by  Naples  and  Sicily  for  the  re- 
demption firom  slavery  of  natives  of  those  States ;  the  payment  oi  80^000 
dollars  to  the  British  consol  for  the  destruction  of  his  property ;  a  pubhc 
apology  to  him  for  the  indignity  with  which  he  had  been  treated ;  and 
peace  with  the  king  of  the  Netherlands.  The  expedition  gained  the 
release  of  more  than  twelve  hundred  Europeans,  who  had,  at  different 
periods,  been  consigned  to  slavery  in  its  most  degraded  forms.  Bat  none 
of  them  were  British  subjects: 

Perhaps  few  expeditions  that  have  ever  been  undertaken,  have  been  cal- 
culated to  gain  greater  respect  for  the  British  navy  than  this  was.  The 
object  of  it  was  humanity,  unrestricted  by  any  influence  of  nationality ; 
and  the  complete  success  of  it  affected  several  continental  kingdoms  more 
immediately  than  it  did  the  country  which  had  sent  it  out. 

From  the  time  of  completing  the  service  which  has  just  been  noticed 
until  the  close  of  the  year,  no  other  event  called  for  any  similar  exertion  of 
power ;  and  the  universal  peace  which  now  prevailed,  allowed  a  farther 
reduction  to  be  made  in  the  naval  establishment.  Twenty-two  ships  of 
the  line,  and  ninety-one  of  inferior  rates,  were  sold,  broken  up,  &c.,  daring 
the  year;  and  two  frigates,  a  20-gun  ship-sloop,  two  10-gun  brig-sloops, 
and  a  14-gun  cutter  were  wrecked.  Forty-five  ships  ci  the  line,  and 
ninety  ships  and  vessels  under  the  line  were  converted  to  other  classes. 
As  there  were  but  few  ships  launched  during  the  year,  the  reduction  was 
almost  entire. 

At  the  commencement  of  the  year  1817,  there  were  only  fourteen  line- 
of-battle  ships  and  a  hundred  ships  and  vessels  of  inferior  classes  in  com- 
mission j  two  hundred  and  sixty-three,  deemed  fit  for  further  service  at  sea, 
were  lying  in  ordinary ;  eighty-four  of  which  were  of  the  line.  Forty 
ships  of  the  line,  and  sixty-four  of  inferior  rates  were  in  ordinary,  deemed 
unfit  to  be  put  again  in  oonmiission. 

Thirteen  thousand  seamen  and  six  thousand  marines  were  voted  for  the 
service  of  the  year  1817,  at  a  reduced  allowance  of  £3  I9s.  a  man  per 
month,  amounting  to  £975,660,  for  their  annual  maintenance.  The  sum 
of  jE2,476,150  was  voted  for  the  ordinary  expenses  of  the  navy;  and  the 
sum  of  £1,391,645,  for  the  extraordinary  expenses.  These  and  other 
items  of  expenses  for  the  year,  amounted  to  the  sum  of  £6,985,422 ;  and 
to  this  was  added  £1,660,000  sterling,  in  liquidation  of  the  navy  debt. 

From  the  time  that  carronades  were  extensively  introduced  into  the 
naval  service  of  England,  until  after  the  dose  of  the  war,  that  description 
of  armament  was  not  classed  with  the  oth^  ordnance ;  but  it  constituted 
rather  a  supplementary  armament  to  the  ship.  Hence,  there  was  a  general 
discrepance  between  the  nominal  and  the  real  force  of  those  ships  which 
were  partially  armed  with  carronades ;  and  as  the  use  of  these  had  be- 
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come  general,  so  the  general  rating  of  ships  of  war  was  &llacious  to  the 
extent  to  which  carronades  were  used;  and  it  was  deemed  by  the  board 
of  admiralty  important  to  the  naral  establishment,  and  to  the  country 
to  which  it  belonged,  that  that  practice  should  be  discontinued,  and  the 
ratings  made  to  accord  with  the  amount  of  armament  borne  by  each  class 
of  ships.  With  this  view,  a  memorial  was  presented  to  the  Prince  regent, 
recommending  that  the  old  classification  of  ships  should  be  revived  and 
established;  and  that  in  future  all  his  Majesty's  ships  should  be  rated  at 
the  number  of  guns  and  carronades  which  they  actually  carry  on  their 
decks,  quarter-decks,  and  fore-castles.  An  order  in  council  was  accordingly 
made  in  February  1817,  establishing  the  plan  of  classification  which  had 
been  submitted. 

The  revision  which  was  thus  made  in  the  ratings  of  ships  did  not  wholly 
rectify  the  statements  of  force  throughout  the  navy ;  but  it  brought  the 
nominal  rates  of  the  different  classes  of  ships  much  nearer  to  their  actual 
armament  than  they  had  previously  been.  .,    ^    »       ^  _ 

For  many  years  the  system  of  ship-building  was  obviously  defective,  in- 
asmuch as  the  ships  were  not  strong  enough  to  bear  the  strains  they  were 
subject  to  in  a  heavy  sea,  but  were  constantly  working.  When  the  parts 
of  a  ship  had  yielded  under  these  strains,  additional  iron  knees,  standards 
on  the  deck,  or  in  some  cases  a  few  riders  to  the  topsides  and  in  the  hold, 
were  used ;  or  some  other  similarly  ineffectual  means  were  resorted  to,  to 
repair  her  strength.  The  advantage  of  these  was  merely  temporary ;  they 
served  to  strengthen  the  ship  until  she  was  again  subject  to  heavy  strains, 
and  then  her  essential  weakness  was  again  apparent ;  and,  as  the  service 
of  blockading  and  other  duties  in  the  long  war  required  the  ships  to  keep 
the  sea  as  long  as  it  was  practicable,  there  were  so  many  instances  of  this 
weakness  as  to  show  that  it  was  not  the  result  of  anything  accidental  in 
the  building  of  them. 

This  weakness  had  been  very  long  the  subject  of  complaint,  as  it  impaired 
materially  the  comfort  of  the  crews  in  the  protracted  services  of  blockading 
and  cruising ;  and  still  there  was  a  desideratum  of  adequate  means  as  a 
remedy.  There  was  a  system  of  building ;  and  this  had  been  so  long  estab- 
lished, and  had  received  the  sanction  of  so  many  officers  who  had  reached 
the  head  of  their  profession,  that  it  might  require  the  effort  of  more  than 
an  ordinary  mind  to  make,  at  once,  an  effectual  inroad  into  it,  in  the  in- 
troduction of  improvement.  But  the  numerous  instances  in  which  com- 
plaints of  weakness  had  been  verified,  and  the  difficulty  of  obtaining  knee 
timber  for  connecting  the  beams  with  the  sides  of  the  ship,  {Plate  25,  Jiff.  1) 
having  been  long  felt,  prepared  the  way  for  a  great  innovation ;  and  the 
merit  of  making  this  innovation  belonged  to  sir  Robert  Seppings.  This 
merit  is  quite  irrespective  of  the  value  of  his  plans,  about  which  differences 
of  opinion  prevail.    The  innovation  into  established  usage  waa  valuable,  ps 
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it  destjtoyed  the  force  of  those  prescriptrre  restraints  which  had  been  so 
long  and  so  much  respected ;  as  the  v^ierated  standing  which  ihe  old  sys- 
tem had  obtained  led  each  sncceasive  age  of  shipwrights  to  overlook  its 
imperfections,  whilst  they  could  add  such  means  of  strengthening  as  those 
which  have  just  been  mentioned. 

The  evidence  of  weakness^  however,  forced  itself  upon  the  attention  of 
ship-builders ;  it  coiQd  not  be  disputed  that  ships  were  not  built  strong 
enough  for  the  service ;  and  the  best  shipwrights  acknowledged  the  neces- 
sity of  some  grand  alteration,  long  before  the  sanction  of  established  usage 
became  too  little  respected  to  maintain  that  usage. 

The  same  defectiveness  in  the  strength  had  engaged  the  attention  of  the 
French ;  and  Duhamel  states,  in  his  Architecture  Navale,  that  about  the 
middle  of  the  last  centuij,  a  proposal  was  made  to  cross  the  ceiling  of 
ships  with  oblique  iron  riders.  Chambot,  a  French  naval  engineer,  repeated 
the  proposal  to  substitute  oblique  for  common  riders ;  and  these  were  com- 
monly used  to  strengthen  both  the  topsides  and  holds  of  our  ships  during 
the  last  war. 

In  1772,  Clairon  des  Lauriers,  a  French  engineer,  introduced  into 
VOiseau,  frigate,  diagonal  panels,  which  were  formed  by  the  planking  and 
pieces  laid  in  a  diagonal  direction :  this  Mgate  was  captured  by  the  English 
in  1779.  Bouguer  speaks,  in  his  Traits  du  Navire,  which  was  published 
in  1746,  of  a  M.  Gt>bert  laying  the  ceiling  diagonally  to  prevent  the  ship 
from  arching.  The  French  74-gun  ship  JupUer^  which  was  captured  by 
the  English  in  1806,  had  eight  vertical  riders  in  the  hold;  the  foremost 
one  was  25  feet  from  the  bow,  and  the  after  one  was  45  feet  from  the  stem. 
The  ceiling  was  laid  with  proper  sheer  as  high  as  the  floor-heads^  as  was 
also  the  planking  before  the  foremost,  and  abaft  the  aftermost  riders ;  and 
between  the  riders  from  the  floor  head  to  the  orlop  shelf,  it  was  laid  diago- 
nally. But  this  plan  did  not  answer  its  object ;  for  when  the  ship  was  in 
the  British  navy,  named  the  Maida,  she  was  found  to  arch  as  much  as  any 
ship  in  the  service.  The  San  Juan  Nepamuceno,  which  was  built  at  Ferrol 
in  1781,  and  taken  by  the  British  in  1806^  had  diagonal  riders  in  the  hold 
over  the  ceiling.  The  Pobedanossetz  of  sixty-four  guns,  which  was  con- 
structed by  M.  Brun,  the  chief  engineer  in  the  Russian  service,  and  built 
in  Bussia  in  1809,  had  the  riders  in  the  hold  inclined  to  an  angle  ci  about 
45^  ;  the  breadth  and  top  riders  were  likewise  laid  diagonally,  but  inclining 
in  a  contrary  direction.  The  beams  of  this  ship  were  fastened  to  the  sides 
by  means  of  dagger-knees,  which  in  many  cases  abutted  against  the  riders. 

These  instances  may  be  sufficient  to  show  how  general  that  weakness 
was  from  which  ships  broke  their  sheer ;  and  as  the  defectiveness  of  eon* 
stmction  and  combination  was  general,  so  there  were  in  most  maritime 
countries  some  means  employed  with  the  view  to  prevent  their  ardikig. 
These  means  consisted  generally  in  placing  some  o(  the  timbers  cGlagonally ; 
but  they  were  always  proved  ou  trial  to  be  insufficient  for  the  pnrpofle.  Th^ 
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want  of  adaptation  in  these  means  lead  us  to  infer^that  it  had  not  yet  been 
considered  how  the  forces  which  produce  arching  act  upon  the  structure 
generally ;  for^  when  the  effects  are  very  great  in  these  cases^  and  they  are 
carefully  observed^  it  is  perceived  that  a  compression  must  take  place  in  the 
lower  part^  or  an  extension  in  the  upper  part  of  the  ship,  or  extension  and 
compression  together ;  and  it  is  evident  then,  that  any  means  which  should 
have  sufScient  power  to  prevent  a  ship  from  arching,  must  be  such  as  to 
increase  directly  and  in  a  great  degree  the  longitudinal  strength  of  the 
upper  part,  whilst  the  lower  part  should  have  sufficient  solidity,  that  it 
would  not  yield  to  the  forces  acting  to  produce  compression.  These  con- 
ations of  the  structure  were  at  length  perceived  by  sir  Robert  Seppings ; 
and  the  system  of  building  which  he  introduced  was  suited  to  them,  as  it 
gave  the  degree  of  longitudinal  strength  and  firmness  which  was  required ; 
and  although  it  may  not  now  be  fully  acted  on,  yet  the  alterations  which 
have  been  subsequently  brought  into  use  are  only  modifications  of  paits  of 
that*  system. 

Whilst  we  justly  give  to  sir  Robert  Seppings  the  credit  of  having  broken 
down  the  barrier  to  improvement  by  introducing  a  grand  deviation  from 
the  old  methods  of  forming  and  combining  the  fabric  of  a  ship,  it  is  also 
just  to  say  that  Mr.  Roberts,  one  of  the  sub-surveyors  of  the  navy,  had 
previously  proposed  a  new  mode  of  connecting  the  beams  with  the  sides  of 
the  ship  by  means  of  a  chock  a,  under  the  beam,  {Plate  25,  Jig.  2)  and 
a  side-plate  b,  on  each  side  of  the  chock  opposite  to  each  other,  fastened 
with  bolts  which  passed  through  the  sides  and  through  the  chock  >ind 
the  two  plates,  and  the  beam  and  the  two  plates  respectively.  These 
plates  had  an  arm,  c,  which  turned  against  the  side,  forming  a  good  sub^ 
stitute  for  the  lodging-knee  in  the  old  system,  which  was  used  for  uniting 
the  beams  to  the  side,  {fig.  8.)  This  method  of  securing  the  beam-ends 
to  the  sides  appears  to  have  been  a  combination  upon  which  the  labouring 
of  the  ship  in  a  sea  produced  but  little  effect,  so  far  as  impairing  the  com- 
pactness ;  and  even  now,  after  having  been  employed  a  number  of  years 
in  sea  service,  this  combination  still  remains  firm  iu  some  of  the  old  ships. 
The  combination  proposed  by  Mr.  Roberts  could,  however,  present  no 
claim  to  being  considered  complete  in  itself;  each  connection  with  the  side 
embraced  only  one  beam,  and  one  or  two  of  the  timbers  of  the  frame,  and 
did  not  therefore  contribute  to  the  longitudinal  str^igth  of  the  ship,  nor 
was  it  a  continuous  combination.  It  is  also  proper  to  state,  that  some  time 
before  Mr.  Roberts  brought  forward  his  plan,  there  had  been  introduced  in 
other  nations  a  similar  method  of  combination,  as  it  regards  the  iron  plates. 
(fig,  4.)  Several  other  plans  followed  that  of  Mr.  Roberts,  for  connecting 
the  beams  with  the  sides ;  but  as  they  were  not  brou^  into  general  use, 
it  ia  not  necessary  to  notice  them  further. 

The  plans  which  were  introduced  into  the  art  of  abip-building  by  sir 
Robert  Sqppings  included  an  almost  entirely  new  system  of  oombination 
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tbrouglioat  the  atracture^  bat  they  were  farought  gradually  into  use.  Th. 
principal  parts  in  his  system  may  be  stated  briefly  in  the  following  order : 
first,  the  filling  in  of  the  openings  between  the  timbers  of  the  frame,  and 
the  leading  ont  of  the  interior  planking  below  the  orlop  clamps ;  secondly, 
the  trussed  frame ;  thirdly,  the  connection  of  the  beams  with  the  sides  by 
means  of  the  shelf-pieces,  thick  waterways,  and  side  binding-strakes  to  the 
deck ;  and  fourthly,  the  laying  of  the  decks  diagonally.  In  the  month  of 
February,  1806,  it  was  ordered  that  the  second  and  third  parts  of  this 
system  should  be  tried  on  the  first  74-gun  ship  and  frigate  that  shoidd  be 
built,  and  that  the  footwaling  or  ceiling  (e.  Jig.  5)  should  be  discontinued ; 
in  May,  1810,  the  first  part,  in  connection  with  the  diagonal  riders^  was 
ordered  to  be  applied  in  the  repairs  of  the  Tremendtnu;  and  in  Norember, 
1811,  the  fourth  part,  in  connection  with  the  thick  waterways,  was  ordered 
to  be  applied  to  the  /iamt/Jtet  and  Albion,  ships  of  74  guns.  In  the  year 
last  mentioned,  it  was  ordered  also  that  ships  should  be  built  with  the 
bows  round  all  the  way  up,  instead  of  their  having  beak-heads,  as  shown 
in  the  plate  ,*  and  likewise  that  ships  should  have  round  or  circular  stems ; 
but  these  will  be  noticed  separately.  There  were  other  points  of  alteration 
of  minor  importance  which  he  introduced,  but  these  constitute  rather  a 
part  of  the  general  plan  than  distinct  alterations  in  the  system  of  riiip- 
bnilding. 

First,  the  filling  in  of  the  openings  between  the  timbers  of  the  firame 
was  not  altogether  an  original  part  of  the  system ;  for,  some  time  before 
sir-Robert  Seppings  brought  forward  his  plan,  the  openings  had  been  filled 
in  to  the  floor-heads,  with  the  view  to  render  the  part  of  the  frame  fix>m  the 
floor-heads  downwards  one  mass  of  timber,  that  it  might  be  the  better  able 
to  bear  the  shock  of  striking,  and  the  strain  of  lying  upon  the  ground : 
and  also,  in  the  event  of  the  keel  being  knocked  off,  to  prevent  the  influx 
of  water  into  the  ship,  especially  when  a  strake,  as  is  sometimes  the  case, 
in  the  fore  and  after  bodies,  is  bolted  firmly  to  the  timbers,  and  caulked 
between  the  plank  and  timber,  to  prevent  the  passage  of  water  between  the 
two  surfaces ;  and  as  long  ago  as  1768,  Mr.  Thomas  Kirby,  of  Chatham- 
yard,  proposed,  with  a  view  to  the  security  of  the  ship,  and  to  her  preser- 
vation by  excluding  impure  air  from  the  openings,  that  the  spaces  between 
the  timbers  from  the  line  of  flotation  downwards  should  be  filled  in  and 
caulked  both  inside  and  outside. 

The  filling  which  was  brought  into  use  bysir  Robert  Seppings  extended, 
in  large  ships,  from  the  middle  line  of  the  ship  to  within  4  inches  of  the 
lower  side  of  the  planks  under  the  orlop-shelf;  and,  in  smaller  vessels,  to 
within  4  or  6  inches  of  the  plank  under  the  lower-deck  shelf,  or  strake 
under  it,  if  there  was  one.  From  1810,  when  fillings  were  first  ordered  to 
be  used,  until  July  1816,  they  were  of  the  same  breadth  as  the  timber ; 
when  the  openings  were  not  less  than  3  inches,  the  range  of  fibre  was 
placed  in  the  same  direction  as  the  timber,  but  when  they  were  less,  the 
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fillings  were  wedge4ike^  and  were  driven  from  innde  and  outside  with  the 
grain  or  fibre  crossing  that  of  the  timbers ;  and  in  both  cases  the  fillings 
were  caulked  on  the  same  edge  for  the  oakum  to  meet^  and  chinsed  or 
slightly  caulked  on  the  opposite  edge.  In  September  1817,  the  openings 
were  ordered  to  be  fiUod  in  on  the  outside  with  seasoned  oak  3  inches 
thick,  which  was  to  be  well  caulked  on  one  edge  and  chinsed  on  the  other ; 
and  roman  cement  was  to  be  placed  in  the  opening  to  within  2^  inches  of 
the  inner  surface  of  the  frame,  and  the  space  from  the  cement  to  the  inner 
part  of  the  timber  was  filled  with  2^-inch  oak,  one  edge  of  which  was 
caulked  and  the  other  chinsed. 

The  filling  in  with  roman  cement,  when  it  was  mixed  with  water,  was 
found  sometimes  to  produce  decay  in  the  timbers,  but  in  all  cases  in  which 
it  had  been  mixed  with  either  vegetable  or  coal  tar  the  timbers  were  pre- 
served. When  the  openings  were  very  small  they  were  filled  in  with  wood, 
and  caulked  as  others ;  and  in  all  cases  a  mixture  of  (nl  and  tar  was  in- 
jected, to  fiU  up  any  interstaoes  which  might  remain.  But  the  great  quan- 
tity of  mineral  tar  which  was  used  for  this  purpose,  soon  after  thib  system 
of  building  was  introduced,  became  very  offensive  by  its  odour,  and  it  was 
considered  by  some  to  be  injurious  to  the  crew,  as  it  was  to  some  of  the 
provisions ;  it  was  therefore  discontinued.  As  a  substitute  for  tar,  a  mixture 
of  oil  and  whiting  was  introduced  into  the  interstices ;  and  this,  t<^ether 
with  the  housiug  over  ships  whilst  they  are  being  built  and  repaired,  has 
doubtless  contributed  much  to  their  durability. 

There  is  no  doubt  that  the  fillings  increased  the  longitudinal  strength  of 
the  ship ;  for,  before  the  body  can  deflect,  or,  as  it  is  called,  break  her 
sheer,  a  compression  must  take  place  below  and  an  extension  above.  Now, 
as  the  timbers  of  the  frame  and  the  fillings  constitute  a  solid  mass,  and  are 
as  incompressible  as  the  nature  of  the  substances  of  which  they  are  com- 
posed will  admit,  the  resistance  to  arching  or  bending  is  increased  by  the 
soUdity. 

The  second  part  of  the  alterations  introduced  by  sir  Robert  Seppings  was 
the  trussed  frame.  This  was  a  combination  of  timber  brought  into  contact 
Mrith  the  frame  of  the  ship,  where  the  ceiling  or  interior  planking  below 
had  been  placed.  {Plate  26.)  It  consisted  of  a  frume  which  was  composed  qf 
timbers  or  riders,  a,  longitudinal  pieces,  &,  and  trusses,  c.  The  principal 
parts  of  this  frame,  which  are  called  the  riders,  timbers,  or  braces,  a,  are 
commonly  in  three  lengths,  and  extend  from  the  limber  strake  to  about 
6  inches  below  the  gun^eck  shelf.  The  timbers  are  placed  at  an  angle  of 
about  46^  with  a  vertical  transverse  plane.  They  incline  forward  in  the 
after  body,  and  aft  in  the  fore  body,  so  that  they  resist  the  arching  by 
extension.  The  longitudinal  pieces  {b)  are  brought  immediately  over  the 
heads  and  heels  of  the  frame  of  the  ship,  with  their  abutments  fitting 
closely  between  the  riders  or  diagonal  timbers  {a).  The  trusses  (c)  arc 
placed  on  the  diagonal  of  the  rhomboid,  formed  by  the  timbers  and  the 
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longitudinal  pieces^  and  abut  firmly  against  both.    The  whole  of  this  frame 
is  well  bolted  through  the  timbers  of  the  frame  and  the  outside  planking. 

As  it  is  difficult  to  give  to  the  fabric  of  a  ship  that  degree  of  stiffness 
which  will  be  always  sufficient  effectually  to  resist  its  tendency  to  arching, 
or  sinking  at  the  extremities,  it  is  important  that  the  distribution  of  the 
materials  should  be  such  that  an  effectual  combination  may  be  made  with 
the  different  assemblages,  so  as  to  give  a  general  support ;  and  that  there 
should  be  such  a  disposition  as  not  to  cause  a  separation,  opening,  or 
working  of  the  several  parts  of  the  structure  when  the  body  is  arched  or 
bent ;  but  that  as  soon  as  the  stresses  are  removed,  it  may  recover  itself 
by  its  own  elastic  force.  The  component  parts  of  the  trussed  frame  are 
well  disposed  for  obtaining  this  result, — ^more  especially  in  the  upright 
part  of  the  side  of  the  ship ;  whilst  the  part  which  comes  in  the  bilge  of 
the  ship  can  yield  but  little  support  to  resist  longitudinal  bending. 

When  a  strain  is  brought  upon  a  ship  tending  to  produce  a  bending  or 
arching,  the  trusses  and  longitudinal  pieces  are  acted  upon  by  being  com- 
pressed ;  this  compression  has  a  tendency  to  force  the  body  out  by  the 
strength  of  the  fibres ;  but  as  the  riders  or  braces  sustain  the  whole  pres- 
sure, they  resist  it  by  being  brought  into  a  state  of  extension,  and  give 
their  support  by  the  strength  of  their  fastenings.  The  whole  frame  is 
therefore  acted  upon,  and  each  part  of  it  offers  its  appropriate  resistance 
to  any  alteration  being  produced  in  the  form  of  the  body,  which  cannot 
bend  except  as  the  materials  and  workmanship  are  imperfect.  (See  Phiio^ 
sopMcal  TroMoctiona  (^1814,  Part  II.,  p.  301.) 

The  trussed  frame  was  not  apphed  by  sir  Robert  Seppings  to  large  fri- 
gates, but  instead  of  it  there  is  a  combination  of  thick  strakes  [a,  Plate 
27),  and  iron  plates  or  riders,  b,  the  latter  being  worked  over  the  strakes. 
The  thick  strakes  are  brought  immediately  over  the  joints  of  the  timbers, 
and  lie  in  such  a  direction  over  the  inside  of  the  frame  as  to  take  nearlv 
their  shortest  distance  over  the  inner  surface  of  the  frame  of  the  ship  longi- 
tudinally. Two  of  these  strakes  are  combined  together,  one  pair  over  the 
floor  and  the  other  pair  over  the  first  futtock-heads,  and  the  iron  riders  are 
placed  over  these  strakes.  These  riders  extend  from  four  inches  below  the 
lower  deck  shelf,  and  receive  two  bolts  below  the  floor-head ;  they  are  gene- 
rally about  l]-inch  thick  and  6  inches  wide,  and  they  are  placed  at  about 
the  same  inclination  as  the  timbers  in  the  trussed  frame,  with  the  upper 
part  inclining  forward  in  the  fore  body,  and  aft  in  the  after  body.  They 
are  in  two  lengths,  joined  by  a  scarph  about  6  feet  long,  and  lie  side  by 
side,  crossing  the  first  head ;  at  the  upper  end  they  are  about  5  feet  apart, 
lying  on  the  inside  plank ;  and  at  the  lower  end  they  are  brought  under 
the  planking,  that  is,  between  the  timber  and  thick  strakes  on  the  floor  and 
first  frittock-heads.  This  system  might  be  improved  by  having  several  pairs 
of  longitudinal  binders,  or  thick  strakes,  a,  and  iron  riders  lying  over  their 
inner  surface,  (6,  Plate  28) ;  it  would  then  form  a  combination  which  would 
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be  preferable  to  the  trussed  frame ;  it  would  be  also  less  expensive^  and  take 
up  less  room  in  the  hold^  whilst  the  connections  would  be"more  uniformly 
maintained^  and  the  support  it  would  yield  would  be  more  regularly  distri- 
buted over  the  whole  body ;  for  when  any  pressure  is  brought  upon  this 
system  of  thick  strakes  and  plates^  the  longitudinal  binders  are  prevented, 
by  the  trusses  {c,  Plate  28)  between  them,  from  approaching  each  other, 
and  the  trusses  arc  subject  to  a  compression ;  whilst  the  iron  riders  (h) 
hold  the  whole  in  a  mass  and<  prevent  a  separation  from  taking  place,  as 
they  are  acted  on  in  such  a  way  that  they  will  resist  extension.  The  bolts 
which  secure  these  riders  always  pass  through  the  iron  riders,  besides  the 
frame  of  the  ship  and  the  outside  planking,  so  that  the  whole  is  constituted 
one  uniform  mass.* 

There  appears  to  be  two  points  of  objection  to  sir  Robert  Seppings's  mode 
of  applying  the  iron  riders  to  frigates  (Plate  27)  :  the  first  is,  their  being 
inclined  towards  the  extremities ;  for,  with  this  inclination,  the  iron  resists 
only  edgewise  any  alteration  in  the  form  of  the  ship ;  consequently  the 
whole  strain  is  bix>ught  transversely  on  the  fastenings,  and  can  act  only 
partially  upon  the  bolts ;  but  if  they  were  inclined  fi*om  the  extremities, 
the  iron  riders  would  resist,  by  extension,  in  the  direction  lengthwise,  any 
alteration  in  the  form  of  the  ship, — ^and  all  the  fastenings  would  resist 
together.  The  other  objection  is  that  of  bringing  the  lower  length  of  the 
rider  on  the  frame,  instead  of  bringing  the  whole  over  the  planking  :  this 
mode  of  applying  it  prevents  the  whole  of  the  planking  from  acting  in  a 
mass,  or  as  one  entiretrussed  fr^me.  In  whatever  form  trusses  are  applied, 
if  it  is  by  riders  constituting  a  frame  to  act  in  resisting  the  arching  or 
bending  of  the  ship,  it  must  still  be  considered  as  only  a  modified  appli- 
cation of  the  principle  at  first  proposed  by  sir  Robert  Seppings,  when  he 
was  master  shipwright  of  Chatham  dockyard. 

The  other  parts  of  this  system  of  building  are,  the  connection  of  the 
beams  with  the  sides  of  the  ship,  and  the  mode  of  laying  the  flat  of  the 
decks.  Sir  Robert  Seppings,  in  common  with  other  inventors  and  innova- 
tors, had  to  watch  the  working  of  his  plans,  and  to  determine  the  ultimate 
application  or  a  modification  of  them,  as  facts  and  experience  developed 
their  suitableness  or  otherwise.  This  observation  applies  particularly  to  his 
plan  of  leaving  the  beams  short  at  one  end,  and  having  wedges  so  as  to 
bring  the  ends  of  the  beams  and  the  sides  of  the  ship  into  contact ;  and 
that,  as  the  side  of  the  ship  fell  out,  which  they  used  to  do  in  small  degrees 
before  this  system  was  tried,  these  wedges  were  to  be  set  up  to  answer  the 
purpose  of  the  iron  templates,  which  used  formerly  to  be  driven  betweeu 
the  beam-ends  and  the  side,  to  prevent  the  beam  and  the  side  from  work- 
ing. This  was  soon  found  not  to  answer  the  purpose,  as  the  wedges  became 

*  The  Committee  of  Master  Shipwrights,  who  sat  at  Woolwich  on  the  construction  of 
ihips  esrly  in  the  year  1848,  proposed  a  couibbiation  very  similar  to  that  which  hae  been 
insl  desoiibecL 
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loose,  and  it  was  difficult  to  set  them  up^  and  the  beams  were  allowed  to 
work  in  a  greater  degree  than  thejr  had  done  before. 

It  has  been  observed  that  the  trussed  frame  was  introduced  to  present  a 
resistance  to  any  change  of  form  in  the  ship,  by  distributing  a  more  uniform 
support  over  the  whole  system ;  and  that  by  taking  away  the  footwaling 
or  ceiling,  and  filling  in  the  openings,  a  greater  resistance  to  compression 
was  provided.  As  a  third  provision  to  this  effect,  shelf-pieces  (a,  fig.  6,  Plaie 
25),  and  thick  water-ways  (6,  fig.  6)  were  introduced ;  these  not  only  con- 
stitute a  greater  resistance  to  extension  in  the  upper  part  of  the  body,  but 
they  form  a  better  connection  of  the  beam-ends  to  the  sides,  and,  by  being 
continuous  in  their  support,  give  a  degree  of  firmness  which  was  not  obtained 
in  the  old  method  of  building ; — and  when  a  deformation  then  took  plaoe^ 
and  the  resistance  opposed  by  the  various  parts  was  overcome,  a  working 
was  produced  amongst  the  parts ;  and  as  the  different  forces  continued  to 
act,  there  was  a  continual  uneasiness  produced,  and  effects  followed  which 
were  more  and  more  disastrous  to  the  system,  at  the  same  time  that  they 
were  a  source  of  constant  annoyance  to  the  crew  by  allowing  the  water  to 
pass  in  through  the  seams ;  and  every  means  that  was  used  to  strengthen 
the  combinations  in  the  old  system  fiedled  of  producing  a  permanent  im- 
provement in  it,  for  the  additional  strength  given  by  them  was  soon  over- 
come, and  the  parts  again  became  leaky. 

The  shelf-pieces  and  thick  water-ways  were  used  in  French  and  other 
foreign  vessels  before  sir  Bobert  Seppings  proposed  the  application  of  them 
to  English  ships,  but  the  shelf-pieces  were  applied  to  only  small  vessek, 
and  they  were  neither  used  in  a  systematic  form  nor  brought  to  act  so 
much  in  conjunction  in  supporting  the  beams,  and  in  securing  the  ends  of 
them  to  the  sides  of  the  ship.  The  French  water-ways  and  binding-strakes 
{fi^'  Ty  floie  25)  constituted  an  excellent  combination,  and  acted  well  in 
preventing  the  separation  of  the  beams  firom  the  side,  as  the  fSastenings 
were  more  directly  in  the  line  of  the  beam,  and  consequently  they  were  in 
the  line  of  the  pull  to  prevent  separation ;  and,  as  a  plan,  it  was  equal  in 
merit  to  the  thick  water-ways  and  binding-strakes  introduced  by  sir  Robert 
Seppings,  if,  indeed,  it  did  not  excel  these :  and  sir  Bobert  Seppings's  plan 
of  water-ways  and  binding-strakes  can  be  considered  as  entitled  to  pre- 
ference only  when  they  are  in  connection  with  diagonal  decks,  to  which 
experience  and  observation  have  pointed  out  some  objections. 

In  addition  to  what  has  been  stated  of  the  combination  of  the  different 
timbers  which  were  brought  on  the  inner  surface  of  the  fiyme  of  the  ship, 
sir  Bobert  Seppings  introduced  a  new  mode  of  combining  the  firame-timbers 
themselves  by  having  the  heads  and  heels  of  these  timbers  square,  with  a 
circular  coak  in  their  ends  instead  of  chocks  in  their  heads  and  heels,  as 
they  had  until  1818,  when  the  new  combination  was  ordered  to  be  tried. 
This  was  done  to  diminish  the  number  of  small  angular  chocks,  which, 
without  contributing  to  strength,  promoted  decay,  by  their  surfaces  shrink- 
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ing^  and  openings  being  formed  for  the  accumulation  of  filth  and  the  growth 
of  fungus.  The  heads  and  heels  of  the  timbers,  as  they  were  formeily 
combined  with  chocks^  are  shown  in  fig,  1,  Flate  29,  and  the  squai*e  heads 
in  fig.  2.  Thd  use  of  chocks  at  the  heads  and  heels  of  the  timbers  was  in- 
troduced in  1714,  with  the  view  to  the  more  advantageous  conversion  of 
timber. 

That  a  substantial  bow  and  stem,  so  constructed  as  to  mount  a  good 
armament,  at  the  same  time  that  they  constitute  a  protection  to  the  men 
when  they  are  fired  into  by  the  enemy,  is  a  matter  of  great  importance  in 
naval  engagements,  must  be  obvious ;  but  this  sufficiency  of  armament 
and  protection  could  not  be  had  with  the  bows  and  stems  constructed  after 
the  old  method.  Previously  to  the  introduction  of  sir  Robert  Seppings's  al- 
terations, the  bow  was  straight  across  at  the  cat-head,  so  low  as  to  be  in  a  line 
with  the  upper*deck  portsill,  (P/a/e  80,  j$y.  2,)  and  was  boarded  across  with 
thin  boarding  and  stantions.  But  as  this  was  not  sufficient  to  resist  even 
grape-shot,  the  crew  were  much  exposed  to  the  raking  fire  of  the  enemy ; 
for  it  was  observed  in  the  Victory,  after  the  battle  of  Trafalgar,  that  whilst 
in  many  cases  the  largest  shot  had  not  go&e  through  the  round  and  solid 
part  of  the  bow,  the  grape-shot  had  passed  through  this  bulk-head.  This 
was  not  the  only  defect  in  the  old  form  of  the  bow — ^it  was  deficient  in 
strength;  and  although  it  had  to  resist  the  greatest  impulses,  yet  it  was 
one  of  the  weakest  parts  of  the  ship,  and  was  constantly  subject  to  leaks, 
by  which  the  stores  in  the  gunner's  store-room  were  exposed  to  damage ; 
and  as  the  leaky  condition  of  the  bow  admitted  the  water,  it  diminished 
the  durability  of  the  ship.  An  alteration  was  then  necessary  for  strength, 
for  the  preservation  of  the  ship  from  decay,  for  the  preservation  of  stoi-es, 
for  the  comfort  of  the  crew,  and  for  the  purpose  of  armament  and  pi-o- 
tection. 

To  have  the  bow  constructed  with  effective  capabilities  for  offence  and 
defence,  is  justly  deemed  a  matter  of  primary  importance  in  construction, 
and  the  alteration  which  was  made  supplied  what  was  deficient  in  the  several 
respects  just  mentioned.  The  superior  manner  of  combining  the  two  sides, 
and  the  more  suitable  disposition  of  the  hawse-timbers,  have  rendered  this 
connection  as  complete  as  that  of  any  part  of  the  ship— complete  both  as  to 
strength  and  tightness ;  whilst  the  whole  of  the  bow  is  equally  strong  to 
bear  the  percussion  of  shot.  The  carrying  of  the  rounding  of  the  bow 
completely  up  has  also  made  it  practicable  to  arm  the  bow,  so  that  in  some 
of  the  three-decked  ships  twelve  guns  may  be  fired  in  lines  parallel  to  the 
keel,  whilst  some  frigates  may  fire  similarly  six  guns.  {Plate  30,  fig.  2.)  The 
Namur,  which  was  cut  down  in  1804,  was  the  first  ship  that  had  the  round 
bow  left  on,  but  it  was  several  years  afterwards  that  the  improvement  was 
first  applied  to  new  ships. 

The  other  alteration  affecting  the  armament  of  the  ship,  was  that  of 
giving  a  circular  form  to  the  stem.    This  provided  for  a  more  formidable 
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bRttery,  of  such  a  form  that  guns  might  be  run  out  so  £&r  as  to  diminish  the 
d«ager  from  the  explosion ;  and  the  construction  was  also  such  as  to  give  much 
greater  strength  to  the  stem  of  the  ship.  The  old  square  stem  {Plate  SI, 
fiff'  1)9  ^^  certainly  not  of  a  construction  suited  to  present  an  efficient  de- 
fence^ and  it  was  not  strong ;  and  it  has  been  disputed  whether  sir  Bobert 
Seppings  obtained,  in  his  first  construction  of  a  circular  stem,  all  the  advan- 
tages that  were  desirable.  But  whatever  might  be  the  intrinsic  value  of  the 
alteration  which  he  introduced,  there  was  this  to  be  regarded  in  connection 
with  it  as  unequivocal,  that  it  led  the  way  to  improvement  as  to  effect  and 
appearance  also,  although,  in  the  latter  respect,  it  might  fall  below  the 
requirements  of  taste.  Still  it  must  be  confessed,  that  whilst  so  much 
depends  upon  efficient  armament,  it  is  a  part  of  sound  policy  to  secure 
this,  although  it  may  be  necessary  to  surrender  something  desirable  in 
appearance,  and  to  incur  some  i^dditional  expense.  There  was  this  new 
advantage  in  circular  stems,  that  they  coiQd  be  armed  in  such  a  way  as  to 
leave  no  point  indefensible — an  advantage  which,  in  several  engagements 
during  the  last  war,  the  ships  with  the  old  square  stems  were  proved  not 
to  possess.  The  importance  of  this  more  perfect  defence  might  then  be 
sufficient  alone  to  determine  a  preference  to  the  circular  stem ;  but  the 
greater  protection  which  it  provided  for  the  men  in  time  of  action  might 
be  deemed  as  something  additional  to  this  importance,  whilst  the  improve- 
ment as  to  strength  still  further  enhanced  the  value  of  the  alteration.  The 
objection  which  has  been  sometimes  made  to  circular  stems — ^that  in  time 
of  war  foreign  ships  are  generally  those  which  retreat,  and  that  we  are 
therefore  teaching  our  enemies  to  defend  themselves  more  effectually  against 
us — appears  to  be  without  sufficient  ground ;  for  it  is  never  certain  that 
British  ships  will  not  be  honourably  placed  in  such  circumstances  as  to  be 
obliged  to  resort  to  the  use  of  a  retreating  battery  for  defence ;  nor  can  the 
discretion  of  dispensing  with  a  stem  battery  be  fairly  calculated  on  in 
general  engagements.  It  is  further  important  to  provide  against  what  is 
very  likely  to  be  the  necessity  of  our  navy  in  the  event  of  a  war,  which 
might  bring  against  us  a  formidable  array  of  steam-ships,  especially  in  the 
service  of  blockading,  should  that  be  again  resorted  to ;  as  in  such  service 
the  steam-vessels  could,  with  much  more  dexterity,  perform  the  part  which 
was  foi'merly  conducted  by  gun-boats. 

It  was  not  long  after  the  circular  sterns  had  been  introduced,  when  there 
appeased  several  competitors,  either  laying  claim  to  the  original  design,  or 
suggesting  alterations  by  way  of  improvement  on  this  design.  (  Plate  32, 
fg.  1.)  In  December  1819,  Mr.  Roberts  proposed  an  elliptical  stern,  in- 
stead of  the  circular ;  but  the  originality  of  this  form  has  been  since  claimed 
by  Mr.  Blake.  That  the  elliptical  stem  {Plate  32,  Jig.  2)  has  a  lighter  and 
more  elegant  appearance  cannot  be  denied ;  but  whilst  this  is  only  a  secon- 
dary object  in  construction,  it  may  with  propriety  constitute  a  ground  of 
preference,  if  it  can  be  obtained  without  any  practical  disadvantage. 
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To  have  effective  bows  and  stems  is  a  condition  which  is  now  made  im- 
perative by  the  board  of  admiralty,  a  condition  necessarily  applicable  to  aW 
classes  of  ships.  The  details  of  this  condition  should  require  that  the  right- 
aft  and  bow-guns  should  be  fired  in  a  line  parallel  to  the  keel  without  any 
obstruction ;  that  the  quarter-guns  should  train  so  as  to  cross  the  fire  of 
both  the  broadside-gun  and  the  right-aft  guns ;  that  the  bow-guns  should 
train  to  cross  the  fire  of  the  gun  in  the  next  port  to  the  bow-gun^  and  that 
this*  gun  shoidd  cross  the  fire  of  the  foremost  broadside-gun ;  and  that  there 
should  not,  in  any  case,  be  an  obstruction  within  an  angle  of  45^  of  the 
axis  of  the  gun,  so  that  the  cone  which  is  formed  by  the  explosion  may  be 
perfectly  clear  of  everything  that  would  involve  danger  to  the  ship.  {Plate 
^^9  fig-  3.)  Whilst  these  conditions  ajre  observed,  the  form  may  be  varied 
according  to  the  taste  of  the  projector. 

In  the  years  1818  and  1819  the  number  of  seamen  and  marines  granted 
for  the  naval  service  was  twenty  thousand.  For  the  first  of  these  years 
their  maintenance  was  at  the  rate  of  jS4  6^.  a  man  per  jhonth ;  and  for  the 
last,  it  was  at  the  rate  of  £4  3«.  %d.  In  1818,  the  ordinary  expenses  of  thf 
naAy  were  provided  for  by  the  sum  of  ^,480,680  17*.  8d.,  and  the  extra- 
ordinary expenses,  by  £1,787,181 ;  and  the  total  of  the  sums  voted  for  the 
maintenance  of  the  navy  was  £6,547,809  17*.  3rf.  In  1819,  the  sum  granted 
for  the  ordinary  expenses  of  the  navy  was  £2,488,013  12*.  Id,,  and  that 
for  the  extraordinary  expenses  was  £1,681,628;  and  the  amount  of  the 
various  sums  voted  for  that  establishment  was  £6,527,781  12*.  7d.  In  the 
year  1820,  the  number  of  seamen  and  marines  was  increased  by  three 
thousand  men,  and  the  allowance  for  their  maintenance  was  at  the  rate  of 
£4  4*.  6rf.  a  man  per  month.  The  sum  granted  for  the  ordinary  expenses 
of  the  na^7  was  £2,480,566,  and  that  for  the  extraordinary  expenses  was 
£1,594,480 ;  and  the  total  of  the  various  sums  granted  for  the  naval  service 
was  £6,691,345. 

As  peace  was  uninterrupted  during  these  years,  nothing  of  importance 
occurred  to  diversify  the  services  of  the  navy,  of  which  a  moderate  estab- 
lishment was  kept  in  commission,  of  about  thirteen  or  fourteen  sail  of  the 
line,  and  an  average  of  about  ninety-five  sail  under  the  line.  Very  few 
ships  were  launched  during  these  years ;  but  the  removal  of  old  and  unser- 
viceable ships  fi*om  the  establishment  was  continued,  and  sixteen  ships  of 
the  Une  and  ninety  ships  and  vessels  of  inferior  rates  were  sold  out  of  the 
service  or  taken  to  pieces  within  these  three  years.  Little  diminution, 
however,  occurred  in  the  serviceable  part  of  the  navy.  The  serviceable 
ships  in  ordinary  at  the  beginning  of  the  years  1818, 1819,  and  1820,  were, 
of  the  line,  eighty-seven,  ninety,  and  ninety-one,  and  of  the  classes  below 
the  line,  there  were  one  hundred  and  seventy-nine,  one  hundred  and  fifty- 
seven,  and  one  hundred  and  fifty-two ;  the  reductions  which  took  place 
were  in  the  classes  below  the  24-gun  firigates.    In  fact,  the  real  amount  of 
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the  navy  had  rather  increased  during  this  period :  at  the  first  of  these  dates, 
Ae  tonnage  of  the  serviceable  part  of  the  navy  was  351^796  tons,  and  at 
the  last  date  it  was  354,992  tons, — ^being  an  increase  of  3,196  tons. 

From  the  year  1816  to  1824,  nothing  of  a  iMstile  character  occurred  to 
require  the  service  of  any  part  of  the  British  navy.  In  the  latter  year  the 
East  India  Company  required  some  assistanoe  from  the  navy,  in  carrying 
on  the  Burmese  war;  and  that  assistance  was  rendered  by  a  squadron 
which  co-operated  vigorously  with  the  troops  employed  in  that  service,  and 
contributed  materially  to  the  successful  result  of  that  war. 

The  next  naval  action  was  that  of  Navarin,  which  was  fought  in  October 
1827.  The  opposite  fleets  were,  those  formed  by  the  combined  squadrons 
of  England,  France,  and  Russia^  and  those  of  Turkey  and  Egypt.  The 
object  of  the  combined  interference  of  European  navies  which  led  to  this 
event,  was  the  repression  of  disorders  which  had  arisen  in  the  Archipehgo 
and  eastern  parts  of  the  Mediterranean  sea,  under  the  oppression  to  which 
the  Greeks  were  subjected  by  their  Turkish  masters.  In  their  degraded 
condition  they  carried  on  an  extensive  practice  of  piracy,  in  the  objects  of 
which  there  was  no  discrimination ;  and  hence  the  Levant  commerce  of  all 
countries  was  exposed  to  their  depredations. 

But  it  appeared  that  any  temporary  check  which  might  be  imposed  on 
the  practice  of  piracy,  by  sending  out  an  armed  force,  would  be  insufficient 
to  obtain  a  permanent  security  for  commerce,  unless  an  improvement  were 
effected  in  the  condition  of  the  Greeks.  The  exhibition  of  naval  power  in 
the  Levant,  under  vice-admiral  sir  Edward  Codrington,  in  connection  with 
the  French  and  Russian  rear-admirals,  does  not  appear  to  have  been  de- 
signed to  be  employed  otherwise  than  to  restrain  the  Turkish  fleet  from 
carrying  on  the  war  against  the  Greeks,  until  peace  could  be  restored  by 
the  n^otiation  of  the  mediating  parties,  or  in  the  event  of  that  negotiation 
proving  ineffectual. 

The  Britidi  ships  in  the  combined  fleet  were  one  of  eighty  guns,  and  two 
of  seventy-four ;  one  frigate  of  fifty  guns,  one  of  forty-eight,  one  of  forty- 
two,  and  one  of  twenty-eight ;  one  gun-brig  of  eighteen,  and  three  of  ten 
guns.  The  French  had  three  74-gun  ships,  one  60-gun  ship,  one  44-gun 
frigate,  and  two  schooners.  The  Russian  squadron  consisted  of  four  ships 
of  seventy-four  guns,  one  frigate  of  fifty,  and  three  of  forty-eight  guns. 

The  combined  Turkish  and  Egyptian  fleets  consisted  of  three  ships  of  the 
line,  fifteen  large  frigates,  and  eighteen  corvettes,  besides  a  lai^  number 
of  vessels  of  inferior  classes,  and  gun-boats.  The  commander-in-chief  of 
this  fleet  regarded  with  distrust  the  presence  and  interference  of  sir  Edward 
Codrington.  When  therefore  the  fleet  under  his  conunand  was  anchored  in 
the  harbour  of  Navarin,  all  the  ships  and  vessels  were  arranged  so  that  they 
should  be  able  to  present  the  best  possible  defence. 

The  combined  fleet  entered  the  harbour  of  Navarin,  doubtless  prepared 
for  the  event  which  it  was  highly  probable  would  occur.    The  situation 
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which  the  Turkish  fleet  had  already  assumed^  indicated  that  a  conflict  was 
contemplated ;  and^  as  it  was  moored  in  a  curve^  the  English  and  their 
confederates  anchored  to  leeward^  on  the  outside  of  the  curve^  that  none  of 
their  ships  might  be  exposed  to  the  concentrated  flre  of  the  enemy.  In  a 
message  which  passed^  before  any  hostile  demonstration  took  place,  the 
British  admiral  warned  the  Turkish  admiral  of  the  consequences  of  aggres- 
sion, and  informed  him,  that,  should  he  flre  upon  the  ships  under  his  com- 
mand, such  firing  would  be  resented,  to  the  destruction  of  the  Turkish  fleet. 

Some  English  boats,  having  been  sent  to  make  a  communication  to  the 
commander  of  a  Turkish  vessel,  were  fired  upon,  and  a  lieutenant  and 
several  men  were  killed.  The  ship  from  which  the  boats  had  been  sent, 
opened  a  fire  to  protect  them  in  their  return.  From  this  commencement, 
the  battle  very  soon  became  general.  It  was  sustained  with  great  energy 
on  both  sides,  and  lasted  four  hours.  During  this  time,  one  ship  after 
another,  in  the  Turkish  fleet,  became  destroyed  or  disabled.  As  they 
became  disabled,  they  were  set  fire  to  by  the  Turks,  and  abandoned, — ^to 
the  imminent  danger  of  the  combined  fleet,  which  was  to  leeward ;  and,  in 
the  end,  nearly  the  whole  of  the  Turkish  and  Egyptian  fleet  was  destroyed, 
or  so  disabled  as  to  be  incapable  of  further  resistance.  That  part  of  the 
fleet  which  was  destroy ed,  consisted  of  the  following  classes : — one  ship  of 
the  line,  three  double-banked  firigates,  nine  frigates,  twenty-two  corvettes, 
nineteen  brigs,  one  schooner,  and  five  fire-ships, — a  number  which  consti- 
tuted about  two-thirds  of  the  combined  Turkish  and  Egyptian  fleet,  inde- 
pendently of  the  transports  attending  on  that  fleet. 

The  three  English  line-of-battle  ships  sufiered  so  much  in  the  action, 
that  the  admiral  deemed  it  necessary  to  send  them  to  England,  as  soon  as 
they  should  have  received,  at  Malta,  the  repairs  which  were  requisite, 
to  fit  them  for  that  voyage.  And  both  the  English  and  their  allies  sus- 
tained a  considerable  loss  in  killed  and  wounded. 

On  the  Supply  of  Ship-building  Timber, 

The  advantage  of  having  a  proper  supply  of  ship-building  timber,  appears 
to  have  been  wAl  understood  at  an  early  period ;  as  we  find  that  Henry 
VIII.,  who  was  well  acquainted  with  the  importance  of  promoting  the 
naval  force  of  the  coimtry,  and  used  every  means  towards  its  advancement, 
made  laws  for  the  planting  and  preservation  of  timber.  Elizabeth  also,  in 
1559,  issued  orders  for  preserving  timber  fit  for  ship-building. 

But,'  it  was  during  the  seventeenth  century,  when  the  British  navy  was 
advancing  rapidly  in  importance,  and  increasing  very  greatly  the  demand 
for  oak  timber,  that  the  native  resources  for  the  supply  of  this  article  were 
found  to  be  rapidly  diminishing,  insomuch,  that,  according  to  Evelyn,  the 
price  of  oak  timber  had  been  quadrupled  witliin  a  few  years.  And  this  state- 
ment is  verified  by  a  comparison  of  the  value  of  timber  in  1638,  when  Charles 
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the  Fint  sold  to  sir  John  Wintour,  the  timber  growing  in  Dean  Forest^ 
with  the  price  of  timber  soon  after  the  Restoration.  In  this  sale  of  the 
forest  timber^  the  king  reserved  for  the  nse  of  the  navy  15,000  tons^  with 
a  condition  that  any  deficiency  of  this  quantity  should  be  supplied  by  the 
grantee^  at  the  rate  of  nine  shillings  a  ton^  "  or  the  king  to  take  more  at 
that  rate/'  And  in  a  committee  of  the  House  of  Commons  that  sat  in 
1664,  the  value  of  this  timber  was  estimated  generally  at  13«.  4J.,  and 
that  which  was  fit  for  the  navy  only,  at  15«.  per  ton,  or  about  18^.  9^.  per 
load;  being  nearly  double  the  price  at  which  naval  timber  was  sold  in  the 
early  part  of  the  reign  of  James  I.  The  contract  prices  which  were  paid  for 
straight  and  compass  timber,  from  1663  to  1665,  varied  from  £2  to  £2  15«. 
M. ;  and  for  knee  timber  the  prices  varied  from  £2  15«.,  to  £S  2s.  6d.  per 
load.  And  the  diniinution  in  the  quantity  of  timber  which  thus  advanced 
its  price,  produced  some  alarm  as  the  future  wants  of  the  navy  were  con- 
templated :  a  few  years  after  the  Restoration,  owing  to  the  devastation  made 
during  the  dvil  wars,  and  the  cultivation  of  young  timber  being  totally 
neglected  at  that  period,  the  commissioners  of  the  navy  became  apprehen* 
sive  that  there  would  soon  be  a  deficiency  of  oak  timber  for  the  consump- 
tion of  the  dockyards,  and  represented  the  matter  to  the  fellows  of  the 
Royal  Society,  requesting  their  advice.  And  Mr.  Evelyn,  one  of  the 
fellows,  recommended  that  ''  an  universal  plantation  of  all  sorts  of  trees 
should  be  encouraged,  as  the  only  way  of  ensuring  a  sufficient  supply  in 
future ; "  and  to  promote  this  object  he  published  several  valuable  writings 
on  forest  trees,  at  different  times,  from  1664  to  1704.  To  a  very  con- 
siderable extent  this  advice  was  acted  on  :  and  he  saw,  within  a  few 
years,  the  success  of  the  extensive  and  laborious  inquiry  which  he  had 
made,  and  of  the  advice  which  he  gave,  as  the  result ; — ^for  in  dedicating 
the  third  edition  of  his  work  to  Charles  II.,  in  1678,  he  says,  "  I  need 
not  acquaint  your  majesty  how  many  millions  of  timber-trees,  beside 
infinite  others,  have  been  propagated  and  planted  throughout  your  vast 
dominions,  at  the  instigation  and  by  the  sole  direction  of  this  work.^^* 

The  interest  excited  by  these  writings  appears  to  have  pervaded  almost 
every  part  of  the  kingdom,  and  to  have  continued  to  the  end  of  the 
seventeenth  century,  securing  a  just  attention  to  timber  in  the  royal  forests, 
especially  in  the  forest  of  Dean,  as  well  as  promoting  the  cultivation  of 
timber-trees  on  private  estates.  It  appears,  however,  that  a  regard  to 
this  subject  declined  very  materially  after  this  period ;  but  there  was  then 
an  ample  quantity  of  young  trees  advancing  slowly  to  maturity,  and  no 
care  seems  to  have  been  taken  to  secure  a  succession  of  well-grown  timber. 
And  both  the  commissioners  of  land  revenue,  in  their  eleventh  report,  laid 
before  parliament  in  1792,  and  the  late  viscount  Melville,  when  first  lord 
of  the  admiralty  in  1810,  in  a  letter  to  Mr.  Perdval,  admit  that  the 

*  His  '  Disoourae  on  Forest  Trees,*  dated  Styes-court,  6th  I>ecember,  167& 
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supplies  of  timber  for  the  navy  during  the  reign  of  Greorge  III.^  were  the 
result  of  that  attention  to  the  planting  of  timber-trees  which  had  been 
excited  by  the  writings  of  Evelyn. 

In  that  report  it  is  remarked  that^  "  as  it  is  almost  universaUy  allowed 
that  oak  trees^  to  grow  to  a  size  fit  for  the  navy^  require  from  80  to  150 
years,  according  to  the  quality  of  the  soil,  it  is  probable  that  the  vast 
quantities  of  great  timber  consumed  by  our  navy,  during  the  present 
reign,  were  chiefly  the  produce  of  the  plantations,  made  between  the 
Bestoration  and  the  end  of  the  last  century,  on  private  property  in  almost 
every  part  of  England,  as  well  as  in  the  royal  forests.^^  And  lord  Melville 
says, ''  If  an  example  be  wanting  of  the  benefits  to  be  produced  by  the 
diffusion  of  a  knowledge  of  the  state  of  timber  in  the  kingdom,  a  very 
strong  proof  is  to  be  found  in  the  effect  which  was  produced  by  the  writings 
of  Evelyn.  The  vast  quantities  of  great  timber  consumed  by  our  navy 
during  the  present  reign,  were  chiefly  the  produce  of  the  plantations,  made 
between  the  Bestoration  and  the  end  of  the  seventeenth  century,  on  private 
property  in  almost  every  part  of  England,  as  well  as  in  the  royal  forests, 
particularly  the  forest  of  Dean ;  and  which  had  been  occasioned  by  the 
publication  of  the  state  of  timber  in  the  kingdom,  and  by  looking  the 
danger  of  a  scarcity  boldly  in  the  face." 

From  the  period  of  the  Restoration,  the  price  of  oak  timber  continued 
to  increase  gradually,  till  about  the  year  1756.  The  contract  prices  at 
which  the  late  navy  board  obtained  oak  timber  in  its  rough  state  for  the 
dockyards  remained,  then,  without  any  increase  till  1792,  although  the 
current  prices  had  been  still  on  the  advance  during  those  thirty-six  years. 
The  consumption  of  timber,  too,  was  greatly  increased  during  that  period; 
and  as  the  zeal  for  planting  had  declined  from  the  close  of  the  preceding 
century,  and  the  royal  forests  had  not  been  tended  with  the  care  that 
was  necessary  to  productiveness,  the  quantity  of  timber  growing  through- 
out the  countiy  had  been  so  much  diminishing  for  a  number  of  years  past, 
as  again  to  excite  serious  apprehensions  with  regard  to  the  future  supplies 
for  the  navy. 

This  was  the  case  in  the  year  1771,  when  a  committee  of  the  House  of 
Commons  was  appointed  to  consider  how  the  British  navy  might  be  better 
supplied  with  timber,  and  to  report  their  opinion.  It  appears  that  the 
evidence,  which  was  obtained  in  the  course  of  that  inquiry,  confirmed  the 
apprehension  of  approaching  scarcity  which  had  occasioned  the  appoint- 
ment of  the  committee.  But  as  the  committee  moved  the  house  to  dis- 
charge that  part  of  the  order  which  required  them  to  give  an  opinion  on 
the  subject,  no  means  were  brought  before  the  legislature  to  remedy  the 
evil, — ^the  end  of  the  inquiry  was  not  arrived  at, — and  the  means  of  supply 
were  left  to  deteriorate,  without  any  plan  being  devised  to  ward  off  the  con- 
sequences of  the  threatened  scarcity. 

The  sources  of  supply  did,  therefore,  go  on  to  decline  during  the  subse- 

p  2 
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quent  years.  In  March^  1791,  Mr.  Nichols^  purveyor  of  the  navy  for 
Portsmouth  dockyard,  addressed  a  letter  to  John,  earl  of  Chatham,  then 
first  lord  of  the  admiralty,  pointing  out  generally  the  abuses  and  neglect 
which  prevailed  in  the  management  of  the  New  Forest,  its  diminished 
productiveness  of  timber  suited  to  naval  purposes,  and  suggesting  various 
arrangements  for  increasing  and  improving  the  growth  of  timber  trees 
there.  The  statements  in  that  letter  showed  that  the  neglect  of  cultivation 
and  protection  was  genera!  in  the  forest,  and  that  therefore,  the  value  of  the 
forest  was  constantly  diminishing.^  This  evidence  was  confirmed,  and,  as 
to  the  diminished  quantity  of  timber  grown,  it  was  shown  to  have  a  much 
wider  appUcation^  when  most  extensive  inquiries  were  made  throughout  the 
kingdom  in  the  course  of  the  same  year;  as  the  commissioners  received 
the  general  information  *'  that  there  had  been,  within  memory,  a  great 
decrease  of  oak  timber  of  all  sizes  in  eveiy  part  of  England,  but  that  great 
naval  timber  had  decreased  more  than  any  other ;  and  timber  in  hedge- 
rows which  (they  said)  was  most  valuable  for  naval  uses,  in  a  still  greater 
proportion  than  timber  growing  in  wood^ ;  that  the  stock  of  great  timber 
was  then  so  much  and  so  generally  diminished  in  most  counties,  that  they 
would  not  be  able  to  continue  to  fiimish  so  large  a  supply  as  they  had  done 
of  late  years.'^  And  hence  they  conclude,  "  That  if  the  prosperity  of  this 
country  should  continue,  the  consumption  of  oak  timber  for  its  internal 
purposes,  and  for  the  shipping  necessary  for  the  whole  of  our  trade,  in- 
cluding that  of  the  East  India  Company ,  would  at  no  very  distant  period, 
furnish  an  ample  demand  for  all  that  could  be  expected  to  be  produced  on 
private  property  in  this  kingdom ;  and  that  such  was  the  (then)  present 
state  of  the  growing  timber,  and  the  prospect  of  future  supply,  that  this 
country  would,  in  all  probability,  experience  a  fatal  want  of  great  oak 
timber,  and  become  dependent  on  other  powers  for  the  means  of  supporting 
her  navy,  if  care  were  not  taken  to  provide  a  supply  in  fixture,  by  the  im- 
provement and  better  management  of  the  royal  forests,  and  to  reduce  the 
consumption  of  it  by  the  utmost  care  and  frugality  in  the  expenditure.'' 

The  causes  of  this  diminution  on  private  estates  were,  to  a  considerable 
extent,  such  as  must  be  expected  to  be  permanent.  The  consumption  of 
timber  in  the  usefiil  arts  had  been  increasing,  requiring  supplies  beyond 
the  constancy  of  growth.  The  increase  of  population  had  been  associated 
with  improvements  in  the  cultivation  of  the  land, — a  cause  of  the  dimi- 
nished supply  of  timber  which  has  still  gone  on  in  this  country ;  hedge- 
rows had  been  grubbed,  and  the  land  brought  more  fiiUy  under  tillage ; 
and  the  advantages  of  tillage,  offering  more  immediate  remuneration  to 
industry  and  return  of  capital  than  woodlands,  it  cannot  be  supposed,  that, 
whilst  the  population  continues  to  increase  the  want  of  those  commodities 

--------------  ■- 

''^  The  way  in  which  the  royal  forests  are  managed  is  a  subject  highly  worthy  of  atten- 
tion at  the  present  time. 
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which  are  produced  by  agriculture^  the  cultivated  land  on  private  estates 
will,  to  any  extent  that  would  affect  the  supplies  of  naval  timber,  be  re- 
converted into  woodland.  (See  pages  108  and  109.)  All  the  information 
that  was  obtained  about  that  time  tended  to  strengthen  the  opinion,  already 
formed,  of  a  gradual  and  general  diminution.* 

And  in  connexion  with  the  various  other  causes  tending  to  produce  a 
scarcity  at  that  period,  may  be  mentioned  the  fact  of  England^s  having  lost 
her  North  American  colonies,  and  the  consequent  obligation  on  merchants 
to  employ  British-built  ships,  to  the  exclusion  of  a  large  amount  of  colonial 
shipping  which  had  been  formerly  used.  It  was  estimated  that  this  increase 
in  the  quantity  of  British  shipping  employed  in  commerce,  required  annu- 
ally an  additional  consumption  of  25,500  loads  of  timber. 

The  East  India  Company,  too,  had  increased  very  largely  the  amount  of 
their  shipping.  From  the  time  when  queen  Elizabeth,  in  the  forty-third 
year  of  her  reign,  granted  them  a  charter,  they  went  on  increasing  the 
quantity  of  their  shipping  till  1772,  when  it  amounted  to  61,000  tons.  The 
British  legislature  then  prohibited  them  to  build  any  more  ships  until  their 
amount  of  tonnage  should  be  reduced  to  45,000  tons.  Their  ships  were 
reduced  to  this  quantity  about  1776,  when  building  was  again  proceeded 
with;  and  in  1792  the  company's  ships  amounted  to  79,913  tons.  In 
1811  their  EngUsh-built  ships  amounted  to  about  110,000  tons, — an  in- 
crease provided  for  by  the  average  annual  addition  of  about  1770  tons  of 
shipping ;  besides  any  increase  made  by  the  building  of  ships  at  Bombay. 

But,  above  all,  the  navy  itself  had  lately  risen  to  an  unprecedented  mag- 
nitude. The  progressive  increase  by  which  it  had  reached  its  present  state 
had,  in  fact,  been  almost  continuous  firom  the  time  when  it  became  a 
national  establishment,  in  the  reign  of  Henry  YIII. 

Tons. 

At  his  death  it  amounted  to 12,455 

During  the  reign  of  Edward  YI.,  it  declined  to    11,065 

And  at  the  death  of  Queen  Maiy,  it  was  only 7,110 

In  the  reign  of  Elizabeth,  it  increased  to  about    17,110 

But  by  1618,  it  had  diminished  to 16,040 

*  The  value  of  forest  land  depends  veiy  much  upon  the  facility  or  the  difficulty  with 
which  the  timher  may  be  conyejed  to  the  place  of  consumption.  And  in  some  parts  of 
this  country  the  great  expense  of  land-carriage  in  getting  the  timber  to  market,  is  a 
discouragement  to  the  cultivation  of  timber-trees  ;  sufficient  instances  of  this  are  seen 
in  several  forests,  which  have  been  much  neglected,  and  become  almost  unproductive  of 
valuable  timber,  in  consequence  of  the  great  expense  of  land-carriage,  in  addition  to 
other  expenses,  rendering  the  cultivation  of  timber-trees  unprofitable.  The  foimation 
of  lines  of  railway,  passing  the  locality  of  forests  firom  which  there  is  no  conveyance  by 
water,  would  greatly  increase  the  value  of  this  species  of  property ;  and  as  it  would 
supply  inducements  to  the  cultivation  of  forest  trees,  it  might  be  made  to  subserve  the 
national  advantage  of  obtaining  a  more  ample  produce  of  timber  in  our  own  country, 
than  there  has  been  of  late  years. 
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And  of  this^  rather  more  than  one-fourth  was  deemed 

unserviceable.  Tons. 

At  the  beginning  of  the  civil  war^  it  was 22,400 

And  at  the  Restoration,  it  was 57,463 

In  the  reign  of  Charles  II.,  it  rose  to    103,558 

But  at  the  abdication,  it  was  only 101,892 

At  the  death  of  William  III.,  it  was 159,020 

At  the  death  of  queen  Anne,  it  was   167,219 

At  the  death  of  George  I.,  it  was  170,862 

At  the  death  of  George  II.,  it  was 321,104 

In  the  year  1806,  it  was 776,057 

And  in  1810,  the  50th  year  of  the  reign  of  Geo.  III.,  it  was  800,000 

At  the  death  of  George  IV.,  in  1831,  it  was 544,846 

At  the  death  of  WiUiam  IV.,  in  1837,  it  was   536,033 

And  in  1847 645,550 

This  includes  the  steam,  as  well  as  the  sailing  part  of  the  British  navy. 

It  was  towards  the  close  of  the  last  century,  when  the  naval  and  com- 
mercial  shipping  of  Great  Britain  increased  so  rapidly  the  demand  for 
timber  suited  to  ship-building,  that  the  greatest  apprehensions  were 
awakened  at  the  obvious  diminution,  as  it  has  been  remarked,  in  the 
sources  from  which  supplies  of  oak  timber  could  be  obtained.  Having 
received,  from  all  parts  of  England,  concurrent  information  as  to  this 
fact,  and  with  the  view  to  a  fair  exhibition  of  the  subject,  the  commis- 
sioners cited  the  accounts  of  two  surveys  of  some  of  the  royal  forests, 
which  were  made  at  an  interval  of  about  175  years.  The  first  of  these 
was  made  when  James  I.,  desirous  of  improving  his  exchequer  by  a  sale 
of  timber,  caused  thewoods  and  forests  to  be  surveyed,  that  it  might  be 
known  what  could  be  sold.  The  second  survey  was  made  by  order  of  the 
House  of  Commons,  in  the  year  1783 ;  and  the  result  of  the  returns  is 
shown  in  the  following  table : 


New  Forest «... 

1608. 

1783. 

Timber  fit  for 
the  Navy. 

DecAjed 

trees. 

Timber  fit  for 

the  Navy. 

Deeayed 
trees. 

Loftds. 

115,713 

LoMls. 

118,072 

Loada. 
33,666 

Loada. 

1,713 

Aliceholt  and  Woolmer 

13,208 

23,934 

6,985 

5,924 

Bere  Forest .... 

4,258 

8,814 

161 

175 

Whittlewood  Fbrest    . 

45,568 

1,472 

4,820 

7,200 

Salcey  Forest    •    .     . 

23,902 

1,673 

2,497 

5,653 

Sherwood  Forest   •    . 
Totals .    .     . 

31,580 

111,180 

2,326 

14,889 

234,229 

265,145 

50,455 

35,554 
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Hence  it  appears  that  the  sotmd  and  valuable  part  of  the  timber  growing 
in  these  forests^  had  been  diminished  in  a  greater  proportion  than  three- 
fourths^  in  the  period  which  elapsed  between  the  two  surveys ;  and,  but  for 
the  interest  which  had,  in  the  meantime,  been  excited  by  the  writings  of 
Evelyn,  the  decrease  would  doubtless  have  been  still  greater. 

A  great  quantity  of  the  largest  oak  timber  produced  in  this  country, 
was  appropriated  to  the  royal  navy;  and  the  average  consumption  of 
British  and  foreign  oak  in  the  naval  service,  in  the  government  dock- 
yards and  in  the  merchants'  yards,  from  the  year  1760  to  1788,  amounted 
to  50,542  loads  annually. 

But  in  estimating  what  quantity  would  be  sufficient  for  the  maritime 
wants  of  the  countiy,  the  vast  amount  annually  consumed  in  the  building 
and  repair  of  commercial  ships  and  vessels  must  be  taken  into  the  account. 
And  it  was  estimated,  from  evidence  obtained  in  the  year  1791,  that  this 
consumption  amounted,  one  year  with  another,  to  about  167,829  loads, 
including  the  East  India  Company's  ships,  and  transports  and  other 
vessels  employed  in  the  service  of  the  government.  Adding  to  this,  the 
average  annual  consumption  for  the  navy  as  above  stated,  the  total  amount 
required,  annually  would  be  about  218,371  loads.  Bat  the  quantity  of 
shipping  employed  in  commerce  continued  to  increase  rapidly,  demanding 
every  year  a  greater  quantity  of  timber.  In  1801  the  whole  amount  of 
British  mercantile  shipping  was  about  1,725,940  tons;  and  it  went  on 
increasing,  so  that  in  1808,  lord  MelviUe  stated  the  quantity  of  timber 
ased  annually  for  this  purpose  to  be  349,900  loads.^  This  consumption 
then,  it  seems,  diminished;  as,  in  the  returns  made  in  1811,  the  amount  is 
stated  to  be  about  258,679  loads ;  in  the  same  year,  the  amount  of  British 
mercantile  shipping  was  2,163,094  tons;  and  by  the  year  1816,  it  had  in- 
creased to  2,489,068  tons,  exclusively  of  the  ships  belonging  to  the  settle- 
ments :  and  the  annual  consumption  of  timber  necessarily  increased  too. 
In  1846,  the  sailing  part  of  the  commercial  shipping  registered  in  the  ports 
of  England,  Scotland,  Ireland,  the  Channel  Islands,  and  the  Isle  of  Man, 
amounted  to  3,089,429  tons ;  in  the  same  year,  the  commercial  steam- 
ships and  vessels  amounted  to  131,256  tons.  Estimating  the  average 
duration  of  sailing  ships  and  vessels  to  be  twenty-five  years,  then  the 
quantity  of  timber  required  annually,  to  keep  them  from  diminishing,  and 
also  to  maintain  them  in  good  repair,  would  be  about  197,800  loads. 
Likewise,  the  quantity  of  timber  required  to  maintain  the  commercial 


*  The  proportion  of  timber  consumed,  to  the  quantity  of  shipping  maintained,  at  a 
more  rdcent  date  than  half  a  century  ago,  was  considerably  greater  than  it  is  now.  This 
difference,  in  the  royal  navy,  may  be  attributed,  first  and  partially,  to  the  great  amount 
of  repairs  in  ships  of  war,  consequent  on  the  frequency  of  sea-fights ;  and  partially  to 
the  general  want  of  economy  that  prevailed,  as  a  system,  in  all  the  government  dock- 
yards in  the  kingdom^  at  that  period. 
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steam  navy  at  its  present  amount  and  in  good  repair,  estimating  that,  on 
an  average,  the  ships  and  vessels  composing  it  will  continue  running  for 
a  period  of  fifteen  years,  will  be  about  14^000  loads. 

At  the  present  time,  the  annual  consumption  in  building,  to  maintain 
the  royal  navy  at  its  present  state,  and  to  keep  it  in  repair,  cannot  be 
estimated  at  less  than  35,500  loads ;  whilst  the  steam  navy  requires  an 
annual  expenditure  of  about  11,300  loads  of  timber,  for  building  and 
repairing,  to  prevent  diminution.  Hence,  the  total  quantity  of  timber 
required  annually  for  the  purposes  of  the  royal  and  commercial  navies  of 
this  country,  would  be  about  258,600  loads,  without  estimating  anything 
provisionally  on  the  highly  probable  contingency,  of  increase  still  going  on 
in  the  means  of  naval  war  and  in  those  of  commerce.  The  royal  navy 
amounts  to  about  532,500  tons  of  sailing  ships  and  vessels,  and  to  about 
113,050  tons  of  steam  ships  and  vessels;  thus  making  a  total  amount  of 
sailing  vessels,  of  3,621,926  tons,  and  of  steam  ships  and  vessels,  of  244,311 
tons.  To  keep  up  the  commercial  'navy  at  its  present  amount,  we  have 
seen  that  211,800  loads  of  timber  are  required  annually ;  and  to  maintain 
the  royal  navy  in  its  present  state,  there  are  required  annually  about  46,800 
loads.  In  estimating  these  quantities,  we  have  allowed  about  1|  load  of 
timber  to  a  ton  of  commercial  shipping,  and  about  1\  load  to  a  ton  of 
shipping  in  the  royal  navy.  In  addition  to  these,  a  large  quantity  must  be 
allowed  for  repairs.  As  foreign  timber  is  generally  sided  or  squared  befwe 
it  is  brought  to  England,  an  addition  must  be  made  of  about  half  the 
quantity  of  timber  that  is  imported,  if  we  woidd  estimate  what  quantity 
must  be  grown  to  supply  the  maritime  wants  of  this  coimtry;  for  about  one- 
third  of  the  timber,  in  its  rough  state,  is  lost  in  siding  and  squaring  it. 

As  the  consumption  of  oak  timber  has  increased,  and  the  native  growth 
of  it  has  not  been  answerable  to  the  demand,  occasioning  an  apprehension 
that  scarcity  would  prevail,  the  price  has  necessarily  increased  too.  Under 
such  fear;  the  price  rose  from  £2  to  £2  15s.  6d.  a  load,  soon  after  the 
Restoration.  The  great  consumption  in  the  latter  part  of  the  last  century, 
having  very  much  diminished  the  resources,  the  supply  of  oak  timber 
became  very  small  at  the  beginning  of  the  present  century ;  and  the  want 
of  it  was  pressingly  felt  in  the  years  1802,  1803,  1804,  and  1805 ;  and 
the  price  went  on  increasing,  till,  in  1809,  it  was  £7  Bs.  a  load.  By  the 
year  1815  it  had  risen  still  higher  in  price,  and  timber  of  the  same 
metings  was  purchased  at  £7  7«,  per  load.  When  the  demand  for  oak 
timber  for  the  navy  became  less,  after  the  war  terminated,  the  price  of  it 
fell  in  some  degree ;  in  the  year  1833,  it  was  as  low  as  £6  a  load,  and  it 
continued  to  be  supplied,  with  but  little  variation  of  price,  till  1841 ;  and  at 
the  present  time,  timber  of  similar  metings  is  supplied  at  £6  ISs.  a  load. 

If  there  were  no  other  evidence  to  be  considered  in  this  matter,  that 
which  has  been  now  brought  under  notice,  would  be  enough  to  support  the 
conclusion,  that  the  produce  of  our  forests  and  of  the  private  estates  of  the 
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kingdom  is  not  sufficient *to  meet  the  requirements  of  the  country.  Yet  it 
may  be  supposed,  that  if  all  the  forests  were  brought  to  the  highest  degree  of 
productiveness,  and  that  every  proprietor  of  land  paid  the  most  rigid  atten- 
tion to  the  cultivation  of  timber,  and  secured  the  growth  of  all  that  his 
land  would  yield,  without  retrenching  the  advantages  of  tillage,  or  dimi- 
nishingt  he  amount  or  value  of  pasture,  such  universal  care  might  obtain 
a  fiiU  supply  for  the  wants  of  the  country.  But  since  this  cannot  be  con- 
strained, it  cannot  be  expected;  and  at  the  present  time,  a  proportion 
considerably  less  than  one-half,  perhaps  not  more  than  one-third,  of  the 
whole  quantity  of  timber  expended  in  ship-building  is  English  oak ;  the 
other  proportions  being  chiefly  the  produce  of  different  quarters  of  the 
world  :  the  northern  and  southern  parts  of  the  European  continent,  British 
India,  Africa,  the  West  Indies,  and  North  and  South  America,  contribute 
respectively  to  this  supply ;  and  the  occasion  for  this  is  likely  to  be  per- 
manent, notwithstanding  any  encouragement  that  may  be  given  to  the 
cultivation  of  oak  timber  in  our  own  country.  Let  us  then  suppose  that  the 
present  supply  of  English  oak  for  the  purposes  of  ship-building  is  100,000 
loads  annually, — ^for  the  probability  is  that  it  does  not  exceed  this  quantity; 
but  the  smallness  of  the  quantity  is  the  direct  and  inevitable  consequence 
of  the  inadequacy  of  the  growth,  as,  besides  the  preference  which  is  com- 
monly given  to  English  oak,  it  would  be  a  part  of  economy,  to  have  a 
larger  proportion  of  it  than  can  now  be  obtained,  for  the  uses  of  ship- 
building in  all  the  royal  dockyards  of  the  country. 

Oak. — Foreign  oak  has  been  used  in  this  country  for  the  purpose  of 
ship-building ;  and  as  early  as  the  year  1763,  when  the  possession  of  Canada 
was  confirmed,  as  a  part  of  the  British  empire,  oak  timber  began  to  be 
imported  from  that  colony;  and  in  1772,  the  quantities  of  oak  plank 
obtained  from  that  source  were  very  considerable ;  but  it  was  found  to  be 
deficient  in  durability,  in  relation  to  that  which  was  brought  from  Dantzic, 
and  the  use  of  it  graduaUy  diminished.  But  in  the  year  1804,  about  2,000 
loads  of  white  oak  were  imported ;  and  again,  in  1807,  when  the  decrees 
of  Berlin  and  Milan  prevented  our  obtaining  further  supplies  from  the 
European  continent,  large  quantities  of  red  and  white  oak  were  imported. 
The  white  oak  was  cut  into  plank,  and  used  in  ship-building,  but  in  a 
very  few  years  it  was  found  to  decay  rapidly ;  in  1812,  the  Devonshire  was 
planked  with  this  timber,  which,  in  1817,  was  totally  decayed. 

Not  only  did  the  British  government  seek  to  supply  the  deficiencies  of 
native  oak  by  having  recourse  to  the  colonies ;  but  no  sooner  was  it  found 
that  the  Canadian  oak  was  subject  to  early  decay,  than  this  timber  came 
to  be  imported  from  the  Baltic ;  and  as  early  as  1772  a  quantity  of  German 
oak  was  introduced  into  this  country.  In  the  year  1802,  further  supplies 
were  obtained  from  the  province  of  Holstein,  and  used  in  the  building 
and  repair  of  ships.  But  in  each  case  this  timber  also  was  found  to  be 
subject  to  early  decay :  the  inside  of  the  timber  became  rotten^  leaving  the 
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outside  a  mere  shell.  Instances  of  this  were  seen  in  the  Blake,  of  seventy- 
four  guns^  built  in.  1808^  and  in  the  San  Domingo,  built  in  1809 ;  neither 
of  these  ships  lasted  more  than  five  years,  and  at  the  end  of  that  period 
they  were  sold  out  of  the  service. 

The  foreign  timber,  which  is  found  to  be  the  best  general  substitute  for 
English  oak,  is  Italian  oak.  One  main  feature  of  the  excellence  of  this 
timber,  is  its  curvature ;  and  by  the  large  importations  of  it  which  are  made 
from  the  Adriatic,  a  good  supply  of  compass  timber  is  obtained  for  the 
frames  of  ships.  This  is  of  great  consequence,  owing  to  the  difficulty  there 
.  would  be  in  getting  English  oak  to  answer  the  requirements  of  the  naval 
service  in  this  respect. 

Larch, — Amongst  the  different  species  of  timber  of  which  the  native 
properties  might  indicate  its  suitableness  for  ship-building,  is  larch.  It 
has  been  used  for  this  purpose,  in  both  the  north  and  south  of  the  continent 
of  Europe ;  but,  whatever  may  be  its  adaptation,  the  small  quantity  of  it 
which  the  produce  of  this  country  yields,  woujd  prevent  its  being  used  as  a 
substitute  for  oak  to  any  important  extend  for  the  purposes  of  the  navy. 
It  has  nevertheless  been  employed  with  success,  and  a  quantity  of  larch 
which  had  grown  upon  the  Duke  of  AthoVs  estate  at  Dunkeld,  was  first 
used  in  ship-building  in  England  in  1809;  and  from  this  species  of 
timber,  which  was  felled  in  the  years  1816  and  1817,  the  Athol  was  built, 
and  launched  in  1820:  she  has. been  a  durable  ship,  and  by  means  of 
several  large  repairs,  she  has  been  kept  in  the  service  till  the  present  time. 
About  the  year  1820,  a  quantity  of  larch  thick-stuff,  of  a  fine  texture,  the 
growth  of  the  Tyrol  and  Camiola,  in  Germany,  was  imported ;  and  great 
quantities  of  this  species  of  timber  were  obtained  from  Poland  about  the 
year  1838 ;  and  Italian  larch,  of  very  fine  growth  and  texture,  was  used  in 
ship-building  in  1842.  The  PoUsh  larch  was  inferior  in  growth  as  well 
as  in  quality  to  the  Italian  larch,  which  was  supplied  to  the  dockyards  two 
years  afterwards ;  the  compass  of  this  was  very  excellent  for  frame-timbers, 
and  also  for  beams  and  plank.  This  timber  contained  a  large  quantity  of 
resin  of  a  reddish  colour,  as  described  and  commended  by  Pliny. 

Fir. — ^The  want  of  oak  timber,  nearly  a  century  ago,  led  to  the  use 
of  fir  as  its  substitute  :  five  28-gun  frigates  were  built  of  this  timber  in  the 
year  1757.  There  was,  however,  a  strong  aversion  to  the  sole  use  of  this 
timber  in  the  building  of  ships,  although  the  average  duration  of  these 
frigates  was  about  nine  years.  And  the  use  of  this  timber  in  building 
entirely,  appears  to  have  been  suspended  for  a  considerable  time ;  at 
length,  six  frigates  were  built  of  fir  in  1 796 ;  these  contained  a  portion  of 
elm,  the  deadwood,  floors,  &c.,  being  of  this  timber,  which  decayed  rapidly. 
In  the  years  1804  and  1805,  six  more  frigates  were  built  of  fir  that  had 
been  imported  from  the  Baltic;  and  the  average  duration  of  those  diips 
was  about  eight  years. 

Pitch  pine,  grown  in  North  and  South  Carolina  and  in  Georgia,  was 
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largely  imported  in  the  early  part  of  the  present  century^  and  used  in  the 
building  and  repair  of  ships;  and  in  1813  and  1814  this  timber  was  used 
in  building  seven  frigates^  the  average  duration  of  which  was  six  years 
and  a  half.  But  the  selection  of  this  timber  requires  to  be  made  with 
considerable  care^  with  respect  to  the  state  of  its  resin.  Bed  pine  and 
yellow  pine  were  also  extensively  used  in  building  and  repairing  ships ; 
and  during  the  years  1814  and  1815^  eighteen  frigates  were  built  of  this 
timber;  fifteen  of  them  were  built  of  the  red,  and  three  of  the  white  pine. 
The  average  length  of  service,  which  those  built  of  red  pine  were  capable 
of  performing^  was  three  years  and  a  half;  while  those  built  of  the  white 
pine  lasted  only  three  years  : — Whence  these  species  of  pine  were  seen  to  be 
decidedly  inferior  to  pitch  pine,  for  the  purpose  of  ship-building. 

Cape  Timber. — ^Timber  has  been  obtained  from  the  Cape  of  Good  Hope 
also  :  in  the  years  1811  and  1812,  the  forests  near  Plettenberg  bay 
were  surveyed  by  Mr.  Jones,  a  shipwright  officer  of  Portsmouth  dockyard, 
who  selected  and  sent  to  England  several  specimens  of  wood;  but,  of 
these,  the  stink-wood  was  the  only  timber  that  became  used  to  any  extent 
in  ship-building.*  Seven  specimens  of  timber  *were  sent  from  Sierra 
Leone;  three  of  which  have  been  used  in  ship-building,— two,  the 
linshinginara,  and  the  conta  and  koa,  on  a  Umited  scale, — and  one,  the 
turtoise,  commonly  called  the  African  oak  or  teak,  very  extensively.  And, 
from  about  the  year  1815  to  the  present  time,  this  timber  has  been  used 
as  a  valuable  substitute  for  English  oak,  in  the  beams,  planking,  and  other 
principal  timbers  of  ships ;  but  it  requires  to  be  used  with  great  care ;  for, 
wherever  the  range  of  fibre  is  crossed,  and  the  heart  of  the  timber  comes 
to  the  surface  and  is  covered  over,  it  very  soon  decays.  Its  most  useful 
application  in  ship-building  is  for  beams.  Moulmein  teak  has  also  been 
used  in  the  dockyards  of  this  country  within  the  last  three  years ;  and  it 
has  been  found  very  usefrd  for  beams  and  planking :  it  is  likely  to  be 
brought  into  extensive  use,  being  very  suitable  to  these  purposes ;  but  its 
use  has  been  too  limited,  in  time,  to  show  its  relative  durability. 

Mahogany. — ^There  has  likewise  of  late  been  a  large  importation  of 
mahogany  from  Honduras,  a  species  of  timber  that  has  been  very  usefully 
converted  into  beam-pieces,  water-ways,  shelf-pieces,  and  planking:  but 
this  timber  requires  care  in  the  selection ;  as  some  of  it  is  of  an  open  and 
soft  texture,  and  is  not  durable. 

There  have  been  also,  of  late,  importations  of  Spanish  mahogany  from 
Cuba.  The  growth  and  texture  of  this  wood  are  such,  that  it  is  likely  to 
be  very  useful  in  ship-building,  particularly  for  thick-stuff  and  beams.  This 
island  also  produces  several  other  sorts  of  valuable  wood :  especially  the 
cedar,  and  sabico  or  sabicu,  of  which  large  quantities  have  been  obtained. 

It  is  undoubtedly  important  to  the  naval  power  of  England  to  encourage 

*  See  Enowles  on  the  Dry  Rot. 
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the  growth  of  timber^  especially  oak^  upon  her  own  soil ;  yet,  as  the  produce 
of  this  country  is  not  enough  to  meet  the  wants  of  the  royal  navy  and  those 
of  the  mercantile  shipping,  it  has  become  equally  important  to  encouiuge 
the  importation  of  timber  from  different  countries,  in  order  that  extensive 
experience  may  be  gained  by  ship-builders,  and  that  they  may  be  thereby 
enabled  to  make  the  best  selections,  so  that,  in  a  time  of  war,  the  most 
suitable  timber  may  be  obtained ;  and  that^  at  places  from  which  it  may 
be  the  most  easily  brought.  A  judicious  selection  of  timber  is  of  the 
highest  importance  to  the  royal  navy,  not  only  because  the  great  expendi- 
ture of  it  makes  one  of  the  largest  items  in  the  expenses  of  the  navy,  but 
also,  because  the  durability  of  ships  depends  much  upon  the  same  thing ; 
and  further,  the  greatest  amount  of  saving  may  be  effected  by  economizing 
its  use,    (See  the  Author's  ''  Outline  of  Ship-building/'  article  ''  Timber/') 

On  Experimental  Sailing. 

The  history  of  naval  architecture  in  England  has  shown  so  much  a  want 
of  union  between  theory  and  practice ;  and  until  a  very  recent  date,  there 
was  so  prevailing  an  indifference  to  the  application  of  scientific  principles, 
that  the  chief  dependence  for  improvement  has  been  on  experience.  At 
the  same  time,  the  course  of  experience  has  not  been  marked  with  sufficient 
care  to  supply  information  by  which  improvement  might  be  pursued  with 
certainty.  Till  veiy  lately,  we  do  not  find  that  anything  more  than  the 
most  general  efforts  and  observations  were  made,  to  obtain  even  satisfactoiy 
inferences  of  superiority,  even  in  sim  ilar  ships.  And  all  the  experiments 
that  have  been  made,  lead  us  to  conclude,  that  merely  comparison  of  ships 
as  they  were^  was  the  object  contemplated,  rather  than  subsequent  improve^ 
meni  as  the  end  of  experiment.  For,  when  one  ship  has  been  shown  to  be 
superior  to  others  generally,  the  bare  fact  of  superiority  has  usually  been 
enough  to  indicate  the  propriety  of  taking  her  as  a  model  for  other  ships. 
A  few  instances  of  deviation  may  be  found,  in  which  a  little  greater  length 
or  breadth  is  given  to  a  ship  built  after  the  form  and  general  dimensions 
of  a  ship  whose  qualities  had  been  approved,  and  also  of  building  on  the 
reduced  lines  of  an  excellent  ship. 

The  custom  of  building  ships  of  certain  dimensions,  which  had  been 
officially  established,  was  undoubtedly  a  check  to  enterprise;  and  it  is 
interesting  to  observe  its  practical  effect  on  9hip-builders,  whose  opinions 
of  construction  were  formed  in  accordance  with  what  they  practised. 
Perhaps  there  have  been  few  occasions  more  fully  iUustrating  this  fact, 
than  that  which  occurred  immediately  before  the  middle  of  the  last  cen* 
tury.  At  that  time  it  was  deemed  necessary  to  revise  the  establishment 
of  1719,  from  which  it  had  become  the  usage  of  making  so  many  deviations, 
as  to  cause  great  inconvenience  in  fitting  out  ships.  The  several  master- 
shipwrights  were  therefore  directed  to  propose  dimensions  for  a  !?hip  of 
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each  class ;  but  we  find  that  their  proposed  dimensions  varied  but  little 
from  those  established  in  1719;  and  in  some  cases^  the  previous  dimensions 
were  returned  without  alteration.  ^  Whilst  naval  architects  themselves  did 
not  show  much  inclination  to  advance,  there  remained  little  to  urge  on 
improvement^  which  did  not  arise  from  some  comparison  of  English  and 
foreign  ships.  And  this  cause  led  but  very  gradually  to  beneficial  residts. 
In  all  these  efforts,  we'^remark  that  the  aim  was  to  realize  qualities  which 
had  already  been  exhibited,  although  it  might  be  subject  to  some  change 
in  the  dimensions.  Now,  this  is  what  was  generally  the  usage  in  the 
British  navy,  until  about  half  a  century  ago.  There  were,  however,  original 
designs ;  but  their  dimensions  and  tonnage  were  generally  but  little  dis- 
similar from  those  of  other  ships ;  perhaps  the  restriction  with  respect  to 
tonnage,  that  was  always  imposed  on  constructors,  was  the  chief  cause 
that  their  designs  presented  such  moderate  features  of  originality,  or  that 
they  indicated  so  little  desire  to  break  through  established  forms. 

In  1801,  the  Plantagenet  was  built  by  Sir  William  Bule,  having 
improvement  in  view  as  its  object.  Her  principal  dimensions  were  181 
feet  in  lengthj^  on  the  gun-deck,  47  feet  in  breadth,  and  19  feet  11  inches 
depth  in  the  hold;  her  tonnage  was  1777.  She  was  defective  in  having 
too  little  displacement,  and  in  some  other  respects.  Sir  Henry  Peake 
built  the  Pigmy  and  Pioneer  cutters,  in  1810,  by  way  of  experiment.  Their 
principal  dimensions  were  82  feet  10  inches  long,  23  feet  broad,  10  feet  1 
inch  deep  in  hold,  and  tonnage  197.  The  length  of  these  vessels  was  too 
great  for  the  cutter-rig ;  and  after  having  been  altered  to  schooners,  they 
answered  better,  but  were  never  excellent  vessels.  In  these  trials  there 
was  a  want  of  systematic  arrangement  in  the  elements  of  construction,  as 
well  as  of  a  proper  register  of  the  results  of  the  experiments.  From  these 
we  could,  therefore,  expect  but  little  or  no  improvement. 

Experimental  sailing  in  the  British  navy  is  a  very  modem  thing,  if  we 
include  under  that  term,  only  those  trials  of  ships  which  have  been  fitted 
out,  and  have  had  their  powers  of  sailing  and  evolution  tried  in  a  course  of 
competition,  purposely  to  deduce,  from  the  qualities  they  exhibited,  some 
certain  means  of  making  better  ships.  Generally,  those  contests  for  supe- 
riority in  sailing  were  nothing  better  than  sailing  matches ;  for  when  the 
sliips  had  exhibited  their  best  performances,  inquirj'^  was  arrested,  when  it 
was  found  that  the  ship  was  either  good  or  bad ;  so  that  the  reason  of 
excellence  or  inferiority  remained,  in  general,  unaccounted  for. 

Captain  Hayes,  of  the  royal  navy,  obtained  the  privilege  of  a  direct  trial 
of  experimental  sailing,  having  constructed  the  Arrow^  cutter.  In  this 
performance,  he  deemed  that  he  had  developed  a  valuable  principle,  as  her 
qualities  were  the  subject  of  a  highly  favourable  report,  after  she  had  been 
tried  at  sea  with  the  Basilisk,  a  cutter,  after  the  lines  of  a  revenue  cruiser, 
improved  by  sir  Robert  Seppings,  of  similar  dimensions.  Captain  Hayeses 
principle  was  presumed  to  be  applicable,  and  the  lords  of  the  Admiralty 
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allowed  him  to  give  it  a  further  trials  in  the  constraction  of  the  Champion, 
an  18-gan  corvette.  The  object  was  to  ascertain  the  relative  merits  of  the 
systems  of  construction  pursued  by  sir  Robert  Seppings^  the  surveyor  of 
the  navy^  and  by  the  School  of  Naval  Architecture^  in  connection  with  that 
of  captain  Hayes.  Sir  Robert  Seppings^  therefore^  constructed  the  PyladeSy 
and  the  School  of  Naval  Architecture^  under  the  direction  of  professor 
Inman^  constructed  the  Orestes,  both  corvettes  of  the  same  rate.  The 
Orestes  was  intended  to  be  an  improvement  on  the  Rose,  the  previous 
experimental  ship  of  the  same  school.*  But^  with  reference  to  the  Rose,  it 
may  be  fairly  stated^  that  although  she  never  developed  any  marked  excel- 
lence as  to  sailing,  yet  she  always  worked  well  under  sail,  was  a  good  sea 
boat,  handy,  and  did  her  work  well.  Her  disadvantage  consisted  in  having 
too  small  dimensions  for  her  force.  She  was  tried  in  the  Mediterranean, 
and  her  performances  were  the  subject  of  so  favourable  a  report  from 
captain  Clowes,  that  an  order,  dated  22nd  May,  1821,  was  given  to  build 
on  her  lines.  This  order  was  not,  however,  carried  into  effect ;  and  when 
the  Orestes  was  constructed,  her  plan  was  deemed  the  better  one.  In 
consequence  of  this  improvement,  the  two  sloops,  lAghtning  and  Comet, 
were  built  after  the  design  of  the  Orestes^  in  pursuance  of  an  order,  dated 
the  30th  January,  1822 ;  and  afterwards,  in  consequence  of  captain  Joneses 
report  to  vice-admiral  the  hon.  sir  Henry  Blackwood,  bart.,  6.C.B.,  dated 
the  5th  of  February,  1828,  the  lord  high  Admiral  ordered  the  Electra  to 
be  built,  a  fac  simile  of  the  Orestes.  Captain  Hayes  adopted  the  prin- 
cipal dimensions  of  the  Orestes,  with  very  little  variation,  for  the  Champion, 
which  he  was  to  construct.  The  restriction  to  a  certain  amount  of  tonnage 
was  still  in  force.  The  problem  was,  therefore,  to  determine  the  best  form 
and  proportions  within  the  prescribed  limits.  The  solution  of  such  a  pro- 
blem would  have  been  exceedingly  interesting  and  important,  as  it  would 
have  marked  a  certain  progress  in  the  development  of  truth,  which  had 
never  been  made  before. 

*  The  Admiralty  ordered  the  School  of  Naval  Architecture,  in  1821,  to  construct  the 
Rostf  at  the  same  time  that  sir  Robert  Seppings  was  ordered  to  construct  the  Martin, 
both  18-gun  sloops.  The  object  of  building  these  two  sloops,  was  to  ascertain  whose 
system  of  construction  could  produce  the  better  vessel.  The  School  of  Naval  Architec- 
ture presented  a  vigorous  remonstrance  to  the  Admiralty,  against  placing  so  heavy  an 
armament  in  a  vessel  of  so  small  dimensions.  It  was  then  referred  to  the  School  to  snj 
what  dimensions  would  be  suited  to  that  force  ;  and  also  what  armament  was  suited  to 
the  proposed  dimensions  of  the  Rote,  Notwithstanding  this  remonstrance  and  subsequent 
inquiry,  the  Rose  was  ordered  to  be  built  of  the  small  dimensions,  and  to  carry  the  heavy 
armament    Her  principal  dimensions  were  as  follows : —  ^^^    ^^ 

Length  on  the  gun-deck  104    2^ 

Length  of  keel  for  tonnage 85  10 

Extreme  breadth  29    6 

Pepth  in  hold    13    4 

Burthen  in  tons    397 

Armament :  sixteen  32-pounder  carronades ;  two  6-pounder  guns. 
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Now  there  is  no  doubt  that  each  of  these  corvettes  was  a  good  sailer ; 
for  the  several  trial  cruises  developed  a  superior  power  of  speed,  varying 
with  changes  which  were  made  in  the  stowage,  draught  of  water,  trim, 
quantity  of  sail,  and  the  position  of  its  centre  of  effort.  The  Orestes  and 
Pylades  underwent  alterations  after  the  first  cruise,  which  improved  their 
weatherly  qualities; — the  Pylades  had  an  additional  depth  of  keel,  of  one 
foot,  and  had  the  position  of  her  masts  altered:  the  improvement  was 
made  in  the  Orestes  by  changing  the  position  of  her  masts,  and  increasing 
the  quantity  of  her  sail.  The  two  vessels,  which  had  exhibited  weatherly 
qualities  inferior  to  those  of  the  Champion,  then  obtained  a  decided  supe- 
riority in  this  respect,  as  well  as  in  9peed.  Further  alterations  were  made ; 
and  in  the  subsequent  cruise,  the  Orestes  failed  of  maintaining  her  superi- 
ority close-hauled,  and  was  beaten  by  the  Pylades,  but  was  still  superior  to 
the  Champion.  She  continued,  however,  to  be  the  fastest  sailer  off  the 
wind,  whilst  the  Pylades  and  Champion  were  equal.  The  residt  of  the 
three  experimental  cruises  places  the  Orestes  first,  the  Pylades  second,  and 
the  Champion  third. 

But  nothing  was  accomplished  by  these  trials  towards  supplying  datal 
for  the  naval  constructor ;  for  all  the  improvements,  both  in  the  sailing* 
qualities  of  the  ships,  and  in  their  motions  in  a  sea,  which  were  made  after 
the  first  trial,  were  the  effects  of  alterations  quite  irrespective  of  the  form. 
The  experiments  showed  what  might  be  gained  in  the  performances  of  a 
vessel,  by  correcting  her  trim,  and  by  changing  the  position  of  the  centre 
of  effort  of  the  sails :  but  beyond  that,  the  facts  of  the  experiments  do  not 
seem  to  lead  us.  These  experimental  cruises  were  begun  in  October,  1824, 
and  ended  in  April,  1825.     (See  table  of  Elements.) 

A  further  course  of  experiments  was  made  in  1827.  In  this  competition 
the  Columbine,  18-gun  corvette,  constructed  by  commander  Symonds,  was 
introduced,  to  try  her  qualities  with  the  Sapphire,  28-gun  ship,  constructed 
by  the  School  of  Naval  Architecture,  the  Tyne  and  the  Challenger  of  the 
same  class,  the  former  by  sir  Robert  Seppings^  and  the  latter  by  captain 
Hayes;  also  the  following  18-gun  corvettes, — ^the  Wolfhy  captain  Hayes, 
and  the  Acorn  and  Satellite  by  sir  Robert  Seppings. 

In  the  first  experimental  cruise  of  this  squadron,  the  results  varied  with 
the  state  of  the  weather ;  the  Columbine  and  Challenger  exhibiting  decided 
superiority  in  a  moderate  wind;  whilst  the  variations  in  the  performances 
of  the  Sapphire,  Satellite,  Wolf^  and  Acorn,  made  it  impossible  to  deter- 
mine which  of  them  was  the  best.  Under  a  strong  wind,  the  Sapphire 
sailed  the  best^  on  all  points;  whilst  the  Tyne  was  inferior  to  the  rest :  and 
the  differences  in  the  performances  of  the  other  ships,  failed  of  establishing 
any  feature  of  excellence. 

Two  other  cruises  of  the  squadron  were  performed  during  the  summer; 
the  ships  having,  previously  to  the  former  of  these,  undergone  such  altera- 
tions a^  the  respective  projectors  of  them  considered  would  improve  their 
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qualities.  The  Columbine  retained  her  superiority  in  moderate  weather^ 
haying  been  improved  by  the  alteration;  the  7)fne  was  likewise  improved ; 
but  the  performances  of  the  Sapphire  were  not  satisfactory,  as  to .  the 
changes  she  had  undergone. 

In  the  third  series  of  experiments  the  ships  were  deeply  laden,  having 
taken  on  board  six  months'  provisions  and  stores.  The  Columbine  was  still 
superior  in  moderate  weather;  but  in  heavy  weather  she  failed.  The 
Satellite  and  Acorn  differed  from  her  but  little,  in  their  general  perform- 
ances. The  three  28-gun  ships,  T)/ne.  Sapphire^  and  Challenger^  afterwards 
tried  their  rate  of  sailing  together,  three  times ;  when  their  sailing  qualities 
appeared  to  be  about  equal. 

Not  a  single  fact  was  established  by  these  trials,  conducive  to  improve- 
ment in  naval  architecture.  With  forms  and  dimensions  precisely  the  same, 
as  in  the  Satellite  and  Acorn,  different  residts  were  obtained ;  and  with  forms 
and  dimensions  materially  different,  the  results  were  not  such  as  to  establish 
any  principle  of  superiority.     (See  tables  of  Elements  of  Construction.) 

If  it  be  asked  why  the  question  of  form  remained  in  the  same  state  of 
uncertainty  after  these  experiments,  that  it  had  been  in  before,  it  may  be 
replied,  that  the  experiments  were  not  conducted  in  a  way  that  could 
possibly  decide  it.  Instead  of  previously  concerting  a  well  defined  plan,  for 
making  observations,  not  only  on  the  sailing  qualities  of  the  several  ships, 
but  also  on  all  that  denoted  any  thing  of  character,  from  which  useful 
inferences  could  be  drawn,  and  in  respect  of  which  each  ship  might  be 
compared  with  other  ships, — ^the  experiments  appear  to  have  been  carried 
out  more  in  a  spirit  of  rivalry  than  with  a  view  to  the  development  of 
truths  affecting  the  progress  of  science.  Even  the  position  of  the  sails, 
and  all  that  depends  on  the  adjustment  of  the  forces,  appear  to  have  been 
but  very  imperfectly  investigated ;  and,  hence,  it  is  not  known  how  great 
effects  might  have  been  obtained  by  a  perfect  arrangement  of  the  masts, 
sails,  and  stowage.  But,  nothing  remains  to  show  that  it  was  even  con- 
templated to  make  observations  suited  to  determine  what  effects  certainly 
resulted  from  any  form,  by  which  one  ship  was  distinguished  from  another. 

The  vessels  constructed  by  captain  Symonds,  continued  to  gain  for  him 
enough  patronage  to  secure  his  progress.  He  was  allowed  to  construct 
the  Vernon,  free  from  the  prescribed  limit  of  tonnage.  And,  even  whilst 
she  was  upon  the  stocks,  she  was  considered  to  be  the  subject  of  such 
excellent  qualities,  that  it  was  deemed  captain  Symonds  had  already 
given  enough  proof  of  his  skill  in  naval  architecture,  to  be  entitled  to  the 
highest  post  and  responsibility  in  that  profession.  His  appointment  to  the 
surveyorship  of  the  navy,  in  1832,  was  associated  with  the  entire  removal 
of  restriction  as  to  the  amount  of  tonnage  in  ships  of  the  navy.  He,  there- 
fore, had  liberty  for  the  exercise  of  judgment  and  talent  in  designing  ships, 
which  had  not  been  granted  to  the  commissioners  or  surveyors  of  the  navy 
before ;  so  that,  he  jnight  at  once  build  ships  on  the  best  conditions  of 
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excellence,  that  both  science  and  practice  had  yet  indicated.  The  most 
valuable  experience  in  our  navy  had  gone  to  show,  that  more  discretionary 
power,  in  this  regard,  should  be  given  to  constructors ;  because,  the  highest 
developments  of  professional  skill  had  not  been  able  to  reach,  in  practice, 
the  excellence  in  construction,  which  was  conceived  to  be  attainable  on 
fair  conditions. 

The  freedom  from  conditions  in  determining  the  dimensions  of  ships, 
was  taken  ample  advantage  of  by  sir  William  Symonds,  who,  having  a 
great  principle  to  bring  out  in  practice,  applied  it  with  a  decision  which 
has,  in  a  short  time,  altered  the  general  character  of  no  inconsiderable  part 
of  our  navy.  Respect  is  generally  felt  for  men  who  show  themselves 
capable  of  making  grand  deviations  from  common  usage,  in  matters  of 
great  tdtimate  consequence.  And,  sir  W.  Symonds  has  certainly  the  merit 
of  having  boldly  taken  the  lead  in  a  path  which,  if  future  constructors 
intend  to  carry  on  improvements  in  our  ships,  they  may  pursue  with  the 
highest  advantage.  With  the  liberty  thus  accorded,  and  with  example  in 
the  advance,  a  degree  of  patience,  equal  to  the  processes  of  induction,  may 
ensure  to  ships  the  most  general  combination  of  excellent  qualities, 
together  nith  an  improved  velocity  and  greater  stability, — characteristics 
of  those  constructed  by  sir  W.  Symonds. 

When,  therefore,  a  new  style  of  ship-building  prevailed  in  our  navy,  the 
experimental  sailing  which  took  place,  had  immediate  reference  to  the 
qualities  of  ships  of  the  new  construction.  And  many  returns  and  reports 
of  the  sailing  qualities  of  ships,  were  made  between  the  years  1832  and 
1844 ;  the  ordinary  feature  of  which  was,  a  statement  of  the  excellent  per- 
formances of  the  ships  built  on  this  new  plan  of  construction.  In  these 
returns,  superiority  of  sailing  is  generally  accorded  to  that  class  of  ships ; 
and,  when  we  understand  that  they  were  called  for  most  especially  in  those 
cases  in  which  it  might  be  expected  they  would  bear  that  character,  we 
are  not  surprised  at  their  common  similarity.  But,  if  we  hold  firmly  to 
the  letter  of  truth^  we  must  suppose  that  there  could  not  be  in  the  navy, 
at  the  same  time,  as  many  best  ships  as  almost  the  entire  number  that  were 
built  on  the  plan  of  great  breadth  of  beam,  and  diminution  in  breadth 
immediately  below  the  water-line. 

Admit,  however,  that  some  of  these  ships  possess  the  qualities  from 
which  fSeist  sailing  and  other  superior  performances  result,  and  there 
«till  remains  a  radical  defect,  for  which  no  qualities  they  can  exhibit  will 
compensate.  For,  whilst  fast  sailing  and  easy  evolution  bear  their  high 
value  in  every  ship  in  the  navy,  capabilities  of  going  into  action  with 
advantage,  are  of  paramount  value  in  the  duties  of  naval  warfare.  Neither 
the  height  at  which  a  ship  will  carry  her  lee  ports  under  a  press  of  sail, 
nor  her  easy  motion  in  rolling,  will  compensate  for  excess  in  the  quickness 
or  extent  of  that  motion.  Because  it  is  necessary,  in  reducing  her  sail  for 
action,  to  subject  her  to  the  influence  of  the  waves,  and  to  leave  her. 
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without  the  power  of  sail,  to  balance  the  hull  against  their  effects.  There 
is,  therefore,  no  compensation  provided  to  ships  built  on  principles  of 
which  one  of  the  necessary  consequences  is  quickness  and  excess  in  rolling, 
— leaving  the  use  of  the  guns  subject  to  great  uncertainty.  The  superi* 
ority  of  one  ship  to  another  in  cruising,  must  be  allowed  to  possess  only  its 
intrinsic  importance  in  estimating  her  worth ;  for,  it  is  by  a  ship's  fitness 
for  the  practical  duties  of  active  war,  that  she  answers  the  object  of  an 
integral  part  of  a  navy — national  protection. 

It  is  not  necessary  to  refer  to  many  of  these  ships,  which  have  been  the 
subjects  of  highly  flattering  eulogiums : — The  Pantaloon  is  reported  to 
have  sailed,  close-hauled,  with  smooth  water,  nine  knots  four  fathoms  an 
hour ;  and,  before  the  wind,  in  moderate  weather,  with  all  sail  set,  twelve 
knots ; — and  to  have  been  beaten  only  by  the  Vernon  and  Snake.  The 
Pandora  is  recorded  to  have  sailed,  under  whole  or  single  reefed  topsails 
and  top-gaUant-sails,  close-hauled,  with  smooth  water,  ten  knots  an  hour; 
and  in  scudding,  in  moderate  weather,  with  all  sail  set,  twelve  knots :  and 
to  have  beaten  all  the  vessels  with  which  she  had  been  tried.  The  Pique 
is  reported  to  have  sailed,  close-hauled,  with  smooth  water,  under  whole  or 
single  reefed  topsails  and  top-gallant-sails,  nine  knots  an  hour; — and,  in 
common  with  the  other  vessels  named,  to  possess  other  superior  qualities. 

The  trial  sailing  which  took  place  between  the  Castor  (constructed  by 
sir  Robert  Seppings),  the  Pique,  and  the  Ringdove  (constructed  by  sir 
William  Symonds),  in  March  1835,  under  the  command  of  lord  John 
Hay,  fully  proved  the  superiority  of  the  Castor,  although  the  trim  of  the 
Pique  was  altered  to  secure  some  advantage, — ^by  means  quite  inadmissible, 
had  the  trial  of  sailing  been  to  come  up  with  an  enemy  in  war.  The 
Ringdove  was  generally  inferior  to  the  Pique.^ 

The  inferiority  of  the  Pique  in  relation  to  the  Inconstant  (constructed  by 
captain  Hayes),  was  shown  in  the  trials  of  sailing,  under  the  command  of 
rear-admiral  sir  Charles  Paget,  in  October  1836,  when  the  sailing  qualities 
of  the  Pique  were  tried  with  the  BeUerophon,  Vanguard,  Pembroke^  Incon- 
stant, and  Pantaloon.  Although  there  was  not  much  difference  in  the 
rates  of  sailing  of  the  Pique  and  Inconstant ^  yet  superiority  was  almost 
always  indicated  of  the  latter.  The  performances  of  the  Pantaloon  were 
generally  inferior  to  those  of  the  Pique,  The  Vanguard  exhibited  superior 
power  of  sailing  in  these  trials,  and  was  generally  before  the  Pique.f 

In  the  year  1835,  the  Barkam,  Vernon,  and  Revenge  were  tried  together 
in  the  Mediterranean ;  and,  in  a  series  of  experiments,  the  Barham  esta- 
blished a  claim  to  superiority  over  the  Vernon,  in  point  of  sailing,  without 
any  characteristic  of  relative  excellence  having  been  strikingly  exhibited 
in  contrast  by  either  of  the  two  ships,  although  the  Vernon  was  highly 

*  See  Parliamentary  Paper,  Na  105  (A),  SesB.  1839,  pages  143, 145. 
t  See  Parliamentary  Paper,  No.  105  (B),  Seas.  1839. 
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spoken  of  on  account  of  her  great  stability, — ^the  want,  rather  thlm  the 
excess  of  that  property,  having  been  generally  the  more  observable.  The 
Barham  had  been  described  as  "remarkably  stiff;"  but  the  Fer»o«  in- 
clined less  than  she,  under  canvas.  In  some  points  of  evolution,  each  of 
the  two  ships  had  a  partial  advantage ;  there  was  but  little  difference  in 
their  wearing  and  staying  generally ;  yet,  whilst  the  Vernon  was  said  to 
"  stay  very  well  in  smooth  water,"  her  staying  was  said  to  be  "  uncertain 
against  a  head-sea : "  her  pitching  is  stated  to  have  been  "  very  deep,  and 
more  so  than  any  ship-of-war  we  have  ever  sailed  in;  and,  when  pressed  with 
sail,  in  a  heavy  sea,  so  much  so,  as  to  endanger  the  bowsprit  and  masts."* 

Notwithstanding  the  very  careful  manner  in  which  the  performances  of 
the  rival  ships,  Barham  and  Vernon^  were  noted  by  Mr.  Bellamy,  the  master 
of  the  Revenge,  the  detail  of  the  experiments  does  not  supply  sufficient 
data  to  be  used  with  advantage  in  future  constructions.f 

In  July  and  August,  1836,  the  sailing  qualities  of  the  Bellerophon, 
Vangtutrd,  Cormaallis,  Pembroke,  and  Minden,  were  tried  in  competition, 
under  the  command  of  rear-admiral  sir  Charles  Paget.  In  the  three  days^ 
trial,  the  Vangiuird  showed  a  superiority,  in  sailing,  over  the  Bellerophon. 
Scarcely  a  material  difference  of  sailing  power  was  seen  in  the  Bellerophon 
and  Pembroke;  whilst,  both  the  ComwaUis  and  the  Minden  showed  an 
inferiority  to  the  others. 

In  April  and  May,  1837,  the  trial  sailing  between  the  Pique  and  Incon- 
stant was  repeated,  under  the  command  of  captain  Mends,  of  the  Talavera. 
The  results  were  decidedly  in  favour  of  the  Inconstant,  in  running  before 
the  wind,  as  well  as  in  working  against  it.  In  the  course  of  the  summer, 
these  two  frigates  were  tried  again  in  the  Mediterranean,  with  the  Castor 
and  Hercules,  In  these  trials,  the  Castor  beat  the  Pique  five  times  out  of 
seven :  one  trial  was  deemed  unsatisfactory.  The  Inconstant  was  always 
first  in  those  trials  in  which  she  was  in  company.  And  the  Report  states, — 
'^  Further  trials  are  not  necessary,''to  decide  which  is  the  fastest  ship,  as  the 
Inconstant  will  always  take  the  lead  in  any  weather  and  under  all  circum- 
stances." In  characterising  these  three  frigates,  sir  J.  J.  Gordon  Bremer 
said,  ^^  I  have  no  hesitation,  however,  in  expressing  my  opinion  that  the 
Inconstant  is  decidedly  the  superior.  The  Pique's  sailing  evidently  im- 
proved latterly ;  and,  I  learn  from  Captain  Rous,  that  the  fact  may  be 
accounted  for,  by  his  removal  of  the  forecastle  guns,  and  two  bow  guns,  on 
the  main-deck,  as  far  aft  as  possible,  and  her  store-rooms  clear." — Letter 
to  the  Secretary  of  the  Admiralty ,  2nd  August,  1837.t 

In  February,  1838,  the  Calliope,  Vestal,  and  Electra,  tried  their  rates  of 
sailing  together,  both  in  running  free  and  close-hauled.  They  carried  frdl 
sail  and  studding-sails  in  running,  and  their  rate  was  about  ten  knots. 

*  Report  of  Captain  Sir  Q.  A.  Westphal  and  Officers. 

t  See  Parliamentary  Paper,  No.  244,  Sees.  1836. 
t  See  Parliamentary  Paper,  No.  105  (B),  Seas.  1839. 
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The  Vestal  gaiaed  on  the  Calliope  about  two  cables^  length  in  three  hours 
and  a  half^  and  the  Electra  lost  about  half  a  mile.  Close-hauled^  they 
carried  double-reefed  topsails^  courses^  and  fore-topmast  staysails^  and  the 
rate  of  sailing  was  from  8  to  8^  knots.  And  in  the  course  of  nearly  three 
hours'  trials  the  Vestal  for  some  time  fore-reached  a  little,  but  did  not 
weather  the  Calliope ;  hut,  tdtimately,  captain  sir  Thomas  Herbert  says, 
^  Vestal  did  not  gain  on  Calliope,  and  the  Electra  dropped  about  one 
mile  during  the  period.''     (Letter  to  Lord  A.  Beauclerk,  Ist  March,  1838.) 

In  ]  844,  a  few  experiments  were  made  on  the  sailing  qualities  of  the 
Queen,  Caledonia,  St.  Vincent,  and  Albion.  The  two  objects  of  attention 
stated  in  the  report  of  rear-admiral  Bowles,  were  the  comparative  rate  of 
sailing  and  stability.  According  to  this  report,  the  St,  Vincent  showed, 
under  all  circumstances,  a  decided  superiority  in  sailing.  The  Albion  is 
also  reported  to  have  been  a  very  fast-sailing  ship ;  whilst  the  Queen  and 
Caledonia  were  inferior  to  the  others.  The  stability  of  the  Queen  and 
Albion  was  reported  to  be  decidedly  greater  than  that  of  the  Caledonia  and 
the  St.  Vincent.  But  the  weather  was  very  fine  during  the  time  all  the 
trials  were  made,  and  there  was,  therefore,  no  opportunity  of  comparing 
the  character  of  the  ships  under  diversified  circumstances.* 

The  sailing  of  the  squadron  of  experimental  brigs,  Cruizer,  Daring, 
Espi^gle,  Flying  Fish,  Mutine,  Osprey,  Pantaloon,  and  Waterwitch,  about 
the  same  time,  was  conducted  with  great  attention  by  captain  Corry,  the 
commodore,  as  the  elaborate  report,  which  he  subsequently  returned,  fully 
shows.  He  directed  a  regular  course  of  observations  to  be  made  and  regis- 
tered in  every  ship,  in  order  to  show  the  effect  produced  by  both  wind  and 
sea.  These  observations  related  to  the  power  and  state  of  the  wind,  rate 
of  sailing, — ^points  near  the  wind, — angle  of  the  main-yard  with  the  keel, 
— angle  of  lee-way, — common  inclination, — angle  of  pitching, — angle  of 
'scending  by  the  stem, — time  of  pitching  from  and  to  a  horizontal  line, — 
time  of  'scending  from  and  to  a  horizontal  line, — ^position  of  helm, — state 
of  the  sea, — greatest  roll  to  windward, — and  quantity  of  sail  set.  These 
observations  were  required  to  be  made  whilst  the  vessels  were  "close- 
hauled.''  Other  facts  were  directed  to  be  recorded  in  sailing  with  the 
wind  on  the  beam  or  quarter,  or  in  sailing  before  the  wind ;  as,  angle  of 
the  greatest  lurch  to  leeward, — angle  of  the  greatest  lurch  to  windward, — 
time  of  rolling  from  and  to  the  greatest  lurch  each  way, — wangle  of  rolling, 
— and  time  of  rolling  through  the  greatest  inclination  each  way. 

The  system  adopted  by  captain  Corry  had  been  recommended  by  the 
author  in  a  Letter  to  sir  James  Graham,  in  1832,  when  he  was  first  lord 
of  the  Admiralty ;  and  such  a  fund  of  information  as  might  be  obtained  by 
this  means,  supposing  the  experiments  to  be  made  under  circumstances 
which  should  give  to  each  ship  an  opportunity  of  displaying  her  best 

*  See  Parliamentary  P^per,  No.  394  (A),  Session  1845. 
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qualities^  and  if  the  statements  were  made  truly^  would  be  of  great  advan- 
tage in  naval  architecture. 

The  following  statement  of  the  course  of  experiments^  is  an  abridgement 
of  captain  Cony's  report : — '^  A  summary  of  the  result  of  the  trials  is 
naturally  divided  into  those  which  took  place 'on 'and  'off'  the  wind. 
There  were  in  all  fourteen  trials^  eight  of  which  were  '  on/  and  six  '  off ' 
the  wind.  Of  the  eight '  on  a  wind/  two  are  excluded^  in  consequence  of 
thick  hazy  weather  at  their  conclusion  having  rendered  abortive  every 
attempt  to  obtain  the  correct  distance  of  the  different  vessels.  The 
remaining  six  may  be  thus  divided  :  three  with  moderate  or  light  breezes^ 
and  three  with  strong  breezes,  or  squally  weather.  The  other  six  trials^ 
which  took  place  '  off  the  ^dnd/  are  classed  under  the  three  heads^ '  wind 
abeam/  '  abaft  the  beam/  and  '  right  aft/  two  trials  having  taken  place 
with  the  wind  in  each  of  those  directions. 

''  In  the  first  of  the  trials  '  on  a  wind/  the  Espikgle  and  Mutine  did  not 
take  a  part^  being  absent.  In  the  fourth^  the  Daring  did  not  participate  \ 
and  the  Pantaloon  was  not  present  at  the  seventh. 

"  In  the  first  of  these  trials^  with  the  water  smooth  and  a  long  swells 
the  Flying  Fish  had  the  greatest  advantage;  the  Osprey  and  Daring, 
slightly  differing  from  each  other,  coming  next :  but  in  a  subsequent  trial, 
when  the  wind  was  similar,  but  where,  instead  of  smooth  water,  there  was 
a  cross  head-sea,  the  Daring  was  the  most  weatherly,  the  Flying  Fish  and 
Espi^gle  coming  after  her,  being  followed,  but  at  some  distance,  by  the 
Mutine  and  Osprey,  The  details  of  this  trial  show,  that  for  three  hours, 
when  on  the  tack  with  a  following  sea,  there  was  comparatively  Uttle 
difference  between  the  Flying  Fish,  Espi^gle,  and  Daring ;  but  afterwards^ 
when  they  were  brought  to  bow  the  sea,  the  advantage  was  chiefly  gained, 
which,  in  two  hours,  gave  the  Daring  a  great  superiority  over  the  other  two. 

''  On  the  fourth  trial  the  Espikgle  beat  the  Flying  Fish ;  but  in  the 
seventh  the  order  was  reversed,  by  the  latter  weathering  the  former.  The 
Mutine  and  the  Osprey  may  be  considered  as  beaten  vessels. 

"  Excepting  in  the  fourth  trial,  the  Cruizer  was  considerably  beaten  by 
all ;  and  even  in  that,  she  had  only  a  slight  advantage  over  the  Osprey 
and  Pantaloon.  The  Watermtch  had  an  advantage  over  the  Pantaloon  in 
the  only  two  of  these  trials  in  which  they  were  both  present.  The  prece- 
ding were  the  trials  dose-hauled,  with  light  or  moderate  winds.  In  the 
other  three,  with  strong  breezes  or  squally  weather,  the  Daring  had  a 
marked  and  decided  superiority  over  all  the  squadron.  In  the  first  of 
these,  the  Flying  Fish  and  Watermtch  were  about  equal,  and  were  next  to 
the  Daring ;  in  the  second  of  them  the  former  vessel,  and  in  the  third  the 
latter,  are  also  placed  as  second.  In  the  second  of  these  three  trials,  the 
Flying  Fish  beat  the  Waterwitch  very  considerably ;  but  in  the  third  trial 
the  order  was  reversed,  the  latter  beating  the  former  equally  as  much  as 
she  was  before  beaten,  which  proves  the  Flying  Fish,  on  a  wind,  in  smooth 
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water^  to  be  the  superior  vessel  of  the  two ;  but  that,  with  a  head-sea  and 
strong  wind,  an  equal  superiority  must  be  awarded  to  the  Waterwiich,  In 
the  first  of  these  trials  the,  Mutine  came  next,  and  in  the  second  and  third, 
the  Espi^ffle,  which  vessel  had,  in  the  latter  trial  in  particular,  a  very  decided 
advantage  over  the  Mutine  and  remainder  of  the  squadron. 

''  In  the  two  trials  with  the  '  wind  abeam,'  the  Daring  was  the  leading 
vessel,  the  position  of  second  having  been  occupied  by  the  Flying  Fish  in 
the  former,  and  Espibgle  in  the  latter ;  the  Mutine  being  fourth  in  the  first, 
and  third  in  the  second. 

''  In  one  of  the  trials  with  the  wind  ^  abaft  the  beam,'  the  Daring  was 
first,  and  in  the  other  the  Espi^gle.  In  the  former,  the  Espi^gle  occupied 
the  second  place,  and  in  the  latter  the  Mutine;  Flying  Fish  being  third  in 
both.  The  Waterwitch  was  last  in  the  first  of  these,  and  the  Daring  in 
the  second. 

In  the  first  of  the  trials  before  the  ^vind,  the  Flying  Fish  was  first,  and 
in  the  second,  the  Pantaloon ;  the  Daring  being  second  in  the  one  and  the 
Cruizer  in  the  other ;  the  Espi^gle  and  the  Watertaitch  occupying  respec- 
tively the  last  place."  * 

If  theory  were  sufficiently  developed,  ships  might  be  launched  firom  the 
slip,  equipped,  and  sent  to  gain  a  permanent  character  in  competition  with 

perfect  fairness.  But  this  is  not  the  case.  Some  deficiencies,  on  being  dis- 
covered, might  be  easily  remedied,  and  the  performances  of  a  ship  be  thereby 
essentially  altered.  On  this  consideration  it  was  recommended  by  the  au- 
thor, in  the  second  edition  of  his  '*  Outline  of  Ship -building,''  in  reference 
to  the  earliest  experimental  cruising  of  British  squadrons,  that  each  ship 
should  be  first  tried  separately,  in  connexion  with  some  ship  not  subject  to 
changes ;  and,  if  necessary,  any  alterations  made  in  the  ship  under  experi- 
ment, till  she  exhibited  her  highest  qtialifications ;  and  then  the  essential 
qualities  of  the  ships  might  be  compared  without  much  hazard  of  an 
erroneous  result.  But  without  some  series  of  experiments  on  ships,  either 
separately  or  collectively,  affording  to  constructors  an  opportunity  to  make 
any  improvements  which  experience  may  suggest,  it  cannot  be  known  to 
what  cause  failure  is  to  be  attributed.  Nor  can  the  cause  of  excellence  be 
any  more  certainly  determined,  if  a  ship  is  tried  under  only  one  condition. 
There  are  found  to  be  such  alternations  of  superiority  and  inferiority  in 
vessels,  that  the  causes  of  these  results  require  an  investigation  far  more 
rigid  than  could  be  conducted  on  data  which  experiment  has  yet  supplied. 

An  illustration  of  the  preceding  remarks  is  supplied  by  the  subsequent 
performances  of  the  Mutine,  the  companion  of  the  Osprey  as  '^  beaten 
vessels"  in  the  experimental  cruises  of  the  brig  squadron.  On  the  first 
day  of  those  trials,  this  vessel  carried  away  her  jib-boom ;  and  during  the 
course  of  them,  the  jib  could  never  be  fully  set.     The  use  of  the  topmast 

*  Seo  Parliamentary  Papcr^  .No.  394  (B),  Session  1845. 
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stay-sail^  and  of  the  boom  mam-sail^  was  also  very  imperfect  during  the 
trials.  She  was,  therefore^  obviously  under  a  permanent  disadvantage  in 
the  general  competition.  Further^  she  had  been  constructed  more  with  a 
view  to  general  uaefulness,  than  with  reference  to  «^y  particular  service  or 
point  of  sailing, — determuied  by  a  conviction  that  the  value  of  this  class  of 
vessels  would  be  enhanced,  by  a  capability  of  going  into  shallow  water; 
and  a  persuasion  that  the  advantages  she  might  gain  by  a  superior  fitness 
for  duties  which  would  lie  within  such  conditions,  would  overbear  other 
advantages  which  might  be  surrendered  in  securing  these.  Whatever  might 
be  the  benefit  of  having  a  small  draught  of  water,  was  realised  in  a  higher 
degree  in  the  Mutine,  than  in  any  other  of  the  experimental  brigs.  Still, 
the  qualities  which  this  would  secure,  were  not  to  be  held  unimpaired,  if 
those  of  another  order  were  to  be  insured.  It  is  certain  that  a  greater 
hold  in  the  water  would  be  an  advantage  in  some  states  of  the  sea,  and  on 
some  points  of  sailing.  In  an  agitated  sea,  a  ship  is  tossed  about  Uttle  or 
much,  greatly  in  relation  to  the  hold  which  her  body  has  in  the  water;  and 
therefore,  if  her  draught  of  water  is  easy,  or  moderately  small,  she  is  so 
much  the  more  under  the  influence  of  the  waves  than  she  would  be,  if  her 
draught  of  water  were  large.  This  influence  is  the  most  powerful  when  a 
ship  is  going  free,  or  before  the  wind.  The  advantage  of  a  relatively  great 
draught  of  water  is  experienced  also,  when  a  ship  is  on  a  wind,  or  is  sailing 
close-hauled;  as  the  greater  depth  presents  proportionably  more  lateral 
resistance;  and  by  this  means  she  is  enabled  to  hold  a  better  wind; — or 
it  makes  her  more  weatherly,  in  particular  with  a  heavy  head-sea.  Although 
this  may  not  be  the  primary  cause  why  one  ship  weathers  another,  yet  it 
is  a  very  important  condition  of  weatherly  qualities,  in  connexion  with  the 
best  position  and  trim  of  the  sails.  It  is  not  clear  how  much  of  the  dis- 
advantage to  which  the  Mutinewss  subject,  was  owing  to  her  small  draught 
of  water;  for  in  her  first  performance  she  gained  an  evident  advantage  over 
the  Espi^gle  and  Cruizer^  in  whose  company  she  left  Chatham.  In  the 
course  of  sixteen  hours,  the  brigs  tried  their  qualities  in  working  to  wind- 
ward, in  sailing  with  the  wind  abeam,  and  on  the  quarter ;  and  the  Mutine 
arrived  at  Spithead  an  hour  and  a-half  before  the  Espi^gUy  and  beat  the 
Cruizer  about  twenty  miles.  During  this  trial,  the  vessel  had  the  advan- 
tage of  a  correct  stowage,  a  condition  which  was  partially  lost  in  the  expe- 
rimental cruising,  by  the  weights  being  carried  too  low  down.  This  error 
was  corrected  after  that  cruising  terminated,  and  before  the  vessel  was 
again  sent  to  sea. 

In  the  following  January,  the  Mutine,  Osprey,  Pantaloon^  and  Water-^ 
witch,  had  a  further  opportunity  of  trying  their  sailing  quahties  together, 
on  leaving  Plymouth.  On  the  15th  of  that  month,  these  brigs  got  under 
weigh,  with  topsails,  courses,  jib,  boom  mainsail,  and  top-gallantsails,  set. 
The  Osprey,  Watenvitch,  and  Pantaloon,  had  all  reefs  out ;  the  Mutine  had 
single-reefed  topsails.     Her  captain  says,  in  a  letter  dated  30th  Jannary, 
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1845,  "  Just  outside  the  breakwater,  whilst  passing  over  the  Panther  shoal. 
Pantaloon  crossed  us  to  windward ;  but  on  going  about  to  port  tack,  and 
bringing  her  head  to  the  sea,  she  was  soon  left  three  miles  directly  astern." 

On  the  16th,  they  made  a  regular  trial  of  their  sailing  qualities,  from  9, 
A.M.,  till  4.30,  P.M.  It  wajs  a  point  of  arrangement,  that  theilftt/lne  should 
be  in  the  rear  at  starting;  and  from  this  relative  position  she  took  the 
lead,  in  less  than  half  an  hour,  and  beat  her  companions  by  the  following 
distances:  Osprey  2120,  Pantaloon  3132,  and  fVateruntch  3440  yards. 
The  relative  conditions  were  a  little  impaired,  by  the  Waterwitch  and 
Pantaloon  pitching  and  roUing  away  their  main-top-gallant-masts,  in  the 
uneasy  motions  caused  by  the  heavy  swell  which  then  prevailed.* 

The  most  important  points  of  difference  during  this  trial,  were  the  easi- 
ness of  the  Mutine's  motions,  and  the  uneasiness  of  those  of  the  Pantaloon 
and  fVateruntch.  This  difference  was  more  severely  tried  during  a  very 
heavy  gale  which  came  on  the  next  morning,  and  dispersed  the  little 
squadron  in  the  bay  of  Biscay.  The  captain  of  the  Mutine  stated  that 
her  easy  motion  was  "the  admiration  of  all  on  board;"  "nor  do  I"  he 
added,  "  recollect  any  vessel  so  easy  under  the  circumstances.  Mutine  has 
not  injured  or  carried  away  the  slightest  thing."  f  At  this  time  her  scud- 
ding qualities  were  tried  in  the  course  of  three  days'  run,  at  a  rate  varying 
from  seven  to  ten  knots  an  hour:  and  the  captain  reported,  that  "instead 
of  rolling  the  shot  out  of  the  racks,  and  the  wind  out  of  the  sails,  as  when 
with  the  late  experimental  squadron,  she  rolled  little, — ^neither  deep  nor 
quick. {  This  enables  her  to  get  away  and  behave  well,  on  what  was 
decidedly  her  worst  point  of  sailing."  The  scudding  qualities  of  the 
Mutine  were  afterwards  further  developed  in  a  gale  of  wind,  at  the  Cape 
station,  when  the  East  Indiamen  were  lying  to  in  the  offing,  afraid  to 
run  into  the  bay ;  and  the  Mutine  could  find  no  companion  to  share  with 
her  the  hazard  of  such  a  performance. 

During  the  period  in  which  this  vessel  was  cruising  on  the  coast  of 
Africa,  she  had  opportunities  to  try  her  rate  of  sailing  with  the  Cleopatra 
and  with  the  Helena;  and  of  taking,  together  with  other  slavers,  the 
Diana^  a  very  fast-sailing  vessel,  which  had  previously  been  deemed  more 
than  a  match  for  any  of  the  cruisers  on  the  station.  On  the  25th  August, 
1845,  a  trial  with  the  Cleopatra  took  place,  and  was  continued  about 
seven  hours,  in  a  "  moderate  breeze,  light  head-swell,  under  all  sail,  rate 
seven  to  eight  knots."  It  was  then  found  that  the  "Mutine  had  gained 
directly  to  windward  of  the  frigate  nearly  seven  miles." 

•  See  Parliamentary  Paper,  No.  394  (V  to  Z),  Session  1845. 

t  The  only  loss  this  ship  sustained  in  the  gale,  was  that  of  one  of  her  life-buoys. 

Z  From  the  performance  of  this  vessel,  after  an  alteration  of  stowage,  may  be  seen  the 
advantage  of  properly  placing  the  weight,  as  to  height.  On  this  second  trial,  the  weights 
of  the  Mutine  had  been  carried  up,  and  an  increase  had  been  made  to  the  false  keel,  to 
give  more  depth  in  the  water. 
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''The  second  day's  triaJ^  of  the  same  duration,  was  equally  decisive, 
Mutine  having  gained  11,290  yards  directly  to  windward  of  the  firigate."  * 

But  her  most  important  trial  of  sailing  was  with  the  Helena.  The  im- 
portance and  the  satisfaction  of  it  arose  out  of  the  fact,  that  the  Helena 
had  gained  the  climax  of  reputation  in  the  regard  of  her  captain,  sir 
Comwallis  Ricketts,  and  of  others  who  were  aware  of  her  having  been 
declared  the  fastest  sailer,  not  only  on  the  south  African  station,  but 
wherever  else  she  had  been.  This  16-gun  brig  came  into  company  with 
the  Mutine  off  Quillimane,  on  the  31st  August,  1845 ;  and  on  the  next 
day,  a  trial  of  sailing  close-hauled  took  place,  under  all  plain  sail,  with 
a  moderate  breeze  and  a  light  head-swell :  the  rate  of  sailing  was  from 
seven  to  eight  knots  and  a-half ;  and  the  result  of  it  was,  that  in  an  hour 
and  a-half  the  Mutine  beat  the  Helena  1000  yards  directly  to  windward. 

On  the  following  day,  the  2nd  September,  a  further  trial  was  made  by 
these  two  brigs.  "Helena  having  bent  her  best  suit  of  sails,  filled  her 
water-tanks  with  sea  water,  and  made  sundry  arrangements,  with  the  view 
to  retrieve  her  first  defeat,  a  second  trial  in  turning  to  windward  was  sig- 
nalled from  Helena,  Commenced  on  starboard  tack  at  7h.  15m.  a.m.,  with 
a  moderate  breeze  at  S.W.,  under  all  plain  sail,  rate  seven  to  nine  knots. 
Helena,  at  starting,  bore  S.E.  916  yards  from  Mutine.  This  day's  trial 
ended  at  2h.  45m.  p.m.,  wind  S. S.W.;  Helena  bearing  N.N.E.,  4073  yards ; 
the  Mutine  having  gained  at  the  rate  of  nearly  half  a  mile  per  hour  directly 
in  the  wind's  eye,  of  one  of  the  fastest  sailers  in  her  Majesty's  service.''  t 

Illustration  needs  not  be  further  extended  in  this  example,  although 
it  might  be,  from  her  recent  performances  in  the  Mediterranean;  for 
it  is  plain  enough  that  a  vessel  which  could  exhibit  such  decided  supe- 
riority over  the  Cleopatra  and  the  Helena,  ought  not  to  have  been  so 
unquestionably  a  "  beaten  vessel,"  in  the  preceding  and  more  general  com- 
petition. It  is  past  doubt  that  much  of  the  merit  or  demerit  of  the  Mutine's 
performances  depended  on  the  trim  of  her  sails,  and  stowage ;  conditions 
of  the  constructor's  requirements,  which  were  not  fulfilled  during  the  expe- 
rimental cruises. 

Other  illustrations  were  supplied,  in  the  performances  of  the  Flying  Fish, 
Espikgle,  and  Daring,  when  they  were  again  tried,  in  March,  1845.  The 
same  relative  merits  were  not  exhibited  by  those  brigs ;  the  Daring  failed 
of  showing  the  sailing  qualities  which  she  had  developed  in  the  first  series 
of  experiments.  And,  the  changes  of  superior  sailing  which  took  place  in 
eleven  trials,  leave  the  results  subject  to  a  doubt  that  they  proceeded  from 
something  distinct  from  the  essential  capabilities  of  the  vessels.  No  in- 
ferences can,  therefore,  be  confidently  drawn  from  results  of  so  dubious  a 
character.  When  it  is  seen  that,  under  indifferent  circumstances,  a  vessel's 
performances  are  superior  to  what  she  could  exhibit  in  contest ;  when  it  is 

*  Letter  from  oommander  Crawford,  R.N.)  14th  November,  1845.  t  Ibid. 
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obvious^  from  separate  statements  of  those  performances^  that  each  officer 
aims  to  give  the  ship  under  his  command  a  superior  character^  unless  she 
is  notoriously  bad ;  when  it  is  sometimes  seen  that^  just  in  accordance 
with  an  officer's  preference  or  dislike  of  his  ship^  she  performs  well  or  &ils 
of  doing  so ;  and^  when  statements  of  the  relative  performances  of  different 
ships  are  wholly  irreconcilable, — ^the  naval  constructor  must  draw  his 
conclusions  with  the  greatest  degree  of  caution.  And,  it  does  not  appear 
that  experimental  cruising  has  yet  been  extended  enough,  to  supply  data 
for  improvement  in  construction ;  or,  that  it  can  yet  be  expected  to  lead 
to  this  valuable  result,  until  observations,  similar  to  those  taken  under  the 
command  of  captain  Corry,  shall  be  correctly  made  and  registered,  under 
more  general  circumstances. 

In  1845,  between  the  19th  of  July  and  the  2nd  of  December,  some  impor- 
taut  trials  of  sailing  were  made,  to  determine  the  relative  superiority  of  ships 
of  the  line.  The  ships  brought  into  competition  were  the  Trafatgar,  Queen, 
Albion,  Canopus,  Rodney,  Vanguard,  Superb,  and  St,  Vincent.  In  the  first 
series  of  trials  under  rear-admiral  Hyde  Parker,  the  Qaeen  had  a  marked 
superiority  to  any  other  ship  in  the  squadron^  in  working  to  windward, 
generally  taking  the  first  place  at  the  conclusion ;  whilst  the  Vanguard  and 
the  Superb  were  almost  always  the  two  leewardmost  ships.  The  trials 
before  the  wind  did  not  decide  the  superiority  of  any  one  ship  to  the  rest. 
In  the  three  trials,  the  Canopus  occupied  respectively  the  first,  fourth,  and 
fifth  places ;  the  Si.  Vincent  the  first,  fourth,  and  sixth ;  and  the  Queen 
the  first,  and  twice  the  third.  The  Albion  was  twice  the  second  ship,  and 
once  the  fifth ;  the  Rodney  was  second,  third,  and  fourth ;  and  the  Trafalgar 
was  twice  the  last,  and  once  the  last  but  one.  There  were  other  trials 
which  are  not  noticed,  as  the  competition  was  not  general.* 

In  the  second  series,  under  rear-admiral  sir  Samuel  Pym,  there  were 
three  trials  on  a  wind,  two  of  them  being  on  the  same  day.  In  the  fore- 
noon, the  Albion  and  Queen,  being  nearly  equal,  were  the  first  and  second ; 
the  Trafalgar,  Canopus,  Rodney,  Vanguard,  and  St.  Vincent  followed  in 
order  :  the  Superb  did  not  take  a  part  in  the  trial.  In  the  afternoon  the 
Trafalgar,  having  had  her  hammocks  removed  from  the  nettings,  and 
placed  below,  came,  in  this  respect,  into  a  condition  of  equality  to  the 
Queen,  and  was  the  first  ship  at  the  end  of  the  trial,  whilst  the  Queen  was 
the  fifth ;  the  St.  Vincent  coming  after  her,  last.  The  Rodney,  Albion,  and 
Vanguard  followed  the  Trafalgar,  in  order.  Neither  the  Canopus  nor  the 
Superb  was  in  this  trial.     In  respect  of  the  first  of  these  trials,  captain 

*  See  Parliamentary  Paper  163,  dated  26th  March,  1846. 

Greatest  iBclination  rolled  or  lurched  to : — 

St.  Vincent 18°  Rodney   27° 

Queen 23  Vanguard   42 

Albion 46  Superb    40 

For  the  trials  of  these  ships  in  1844,  see  ParL  Paper  394,  dated  19th  June,  1845. 
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W.  F.  Martin  says,  '^the  change  of  the  wind  from  W.  to  W.  byN.  greatly 
favoured  the  Queen  and  Albion,  as  they  were  on  the  quarter. 

^^  The  result  shows  that  the  Queen  gained  380  fathoms  ;*  but  it  must  be 
taken  into  consideration  that  she  had  her  hammocks  below,  wliilst  the 
Trafalgar  had  hers  stowed ;  and  as  the  weight  of  our  hammocks  is  eleven 
tons^  and  the  surface  they  expose  above  the  hammock  netting  486  square 
feet,  it  is  obvious  that  the  ships  were  so  differently  circumstanced,  that  the 
apparent  result  of  this  trial  is  worthless."  f  Subject  to  the  condition  of 
equality,  in  the  afternoon  the  Trafalgar  beat  the  QiAeen  1474  fathoms,  in 
two  hours  and  five  minutes ;  the  two  trials  showed  that  the  alternate  supe- 
riority depended  on  something  quite  distinct  from  the  form  of  the  ships, 
whilst  that,  being  the  object  of  inquiry,  remained  untouched  by  the 
experiment. 

A  third  trial,  with  a  strong  head  sea,  resulted  in  the  ships'  sustaining 
the  following  order  :  Rodney ^  Vanguard,  Canopies,  Albion,  TVafalgar,  and 
Queen :  the  St.  Vincent  was  away.  And  captain  Martin  says  ^^  the  Trafal- 
gar has  beaten  the  Qfieen  on  all  occasions  on  which  she  has  had  to  contend 
with  strong  breezes  and  a  head-sea ;  and  her  weatherly  qualities,  as  com- 
pared with  those  of  every  other  ship  except  the  Rodney,  have  been  very 
remarkable. 

'^  At  the  end  of  the  gale  of  the  6th,  carrying  no  more  sail  than  was 
set  on  board  the  other  ships,  she  had  all  the  two-deckers,  except  Rodney, 
far  under  her  lee;  the  Vanguard  being  fifteen  miles  dead  to  leeward.^'  J 
On  the  same  day  when  this  was  written,  captain  sir  Baldwin  W.  Walker, 
in  reporting  the  sailing  qualities  of  the  Queen  said,  ^'  I  consider  the  Queen 
to  be  a  most  magnificent  man-of-war,  and  in  every  respect  superior  to  the 
St.  Vincent  or  TVafalgar,  or  any  ship  I  ever  served  in ;  she  is  fast,  and  had, 
on  the  whole,  a  decided  advantage  in  sailing  over  every  other  ship  in  the 
squadron."  § 

In  a  trial  of  sailing  on  a  wind,  on  the  7th  October,  a  change  in  the  state 
of  the  sea  produced  a  corresponding  change  in  the  relative  performances  of 
some  of  the  ships.  At  10  a.m.,  when  the  trial  began,  there  was  a  fresh 
breeze  with  a  considerable  swell,  and  the  ships  were  '^  under  treble-reefed 
fore  and  mizen-topsails,  double-reefed  main-topsail,  courses,  jib,  fore- 
topmast  staysail,  main  trysail,  and  double-reefed  spanker.  The  top-gallant 
masts  were  on  the  deck."  By  half-past  ten  the  wind  had  so  far  abated 
that  all  the  reefs  were  shaken  ^^  out  of  the  spanker  and  main-topsail,  and 
second  reefs  of  fore  and  mizen-topsails. 

^' At  one,  the  wind  had  decreased  considerably;  the  top-gallant-masts 
were  got  up,  the  sails  set,  and  all  the  reefs  shaken  out  of  the  top-sails. 


*  In  2|  hours.  t  Parliamentary  Paper,  No.  306,  Session  1846. 

X  Qeneral  observations  annexed  to  Letter  to  rear-admiral  sir  Samuel  Pym,  K.O.B , 
15th  October,  1845.  §  Letter  to  the  same. 
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'^  The  wind  and  sea  gradually  decreased  soon  after  the  beginning  of  the 
trial. 

'^  It  was  very  remarkable  how  much  this  ship  (the  Trafalgar)  headed 
and  weathered  on  the  Queen  and  Albion,  whilst  the  ships  were  opposed  to 
a  considerable  swells  and  how  regularly  the  advantage  over  them  decreased 
in  the  same  proportion  as  the  wind  and  sea  fell. 

''  I  consider  this  ship^  at  the  commencement,  had  also  the  advantage 
over  every  other  ship  except  the  Rodney" 

At  4  p.m.,  when  the  trial  ended,  the  Rodney  was  the  first  ship  by  1050 
fiathoms,  and  the  Canopus  next ;  the  Trafalgar,  Albion,  and  Vanguard  were 
equal ;  the  Queen  lost  1000  on  them,  and  the  St,  Vincent  4470  fiEtthoms. 

The  relative  performances  of  the  Rodney  are  thus  stated  by  her  captain : 
'^  The  Rodney  had  the  advantage  of  the  whole  squadron  on  the  3rd  with 
Queen,  Albion,  Trafalgar,  and  Vanguard,  against  a  head-sea;  the  Rodney 
weathered  considerably  on  the  Queen  and  Vanguard,  and  also  on  the  Albion 
and  Trafalgar,  but  not  so  much.  On  the  6th,  a  gale  firom  the  N.  W.  came 
on  about  sunset,  and,  under  a  close-reefed  main-topsail,  fore-staysail,  and 
main-trysail,  the  Rodney  in  twelve  hours  weathered  15  or  16  miles  on  St. 
Vincent  and  Vanguard,  and  considerably  on  all  the  rest  of  the  squadron,  but 
less  than  any  on  Trafalgar.  On  the  trial  of  the  7th,  against  a  head-sea,  car- 
rying from  treble-reefed  topsails  to  single-reefed,  and  top-gallantsails,  the 
advantage  of  the  Rodney  was  greater  than  any  before,  on  the  whole  squadron. 

"  The  Canopus,  from  her  place  in  the  line,  has  generally  been  nearest  to 
us.  I  consider  her,  under  the  weather  spoken  of,  the  next  ship  to  the 
Rodney;  the  Trafalgar,  although  weatherly,  is  not  so  much  so  as  the 
Rodney  y  and  slower.  I  consider  the  Qtueen  the  fastest  ship,  both  by  and 
off  the  wind,  in  fine  weather.''* 

Captain  Fairfax  Moresby  bears  the  same  testimony  to  the  good  qualities 
of  the  Rodney,  in  relation  to  his  ship  (the  Canopus),  and  the  others :  ''  In 
reference  to  the  Rodney,  she  had  the  advantage  of  the  Canopus,  as  of  every 
other  ship  in  strong  breezes,  against  the  ocean  swell ;  the  advantage  of  the 
Rodney,  in  the  late  cruise,  being  about  the  same  as  the  Canopus  had  over 
the  Rodney  the  first  cruise,  in  running  free ;  there  was  no  particular  trial; 
but,  by  a  comparison  of  sail  carried,  the  Canopus  had  some  advantage  over 
the  Rodney,  and  greatly  over  the  Vanguard.  The  St.  Vincent,  in  blowing 
weather,  or  in  strong  breezes,  showed  a  great  leewardly  propensity;  the 
Queen,  as  compared  with  the  last  cruise,  fell  into  a  doubtful  comparison 
with  the  Rodney,  Albion,  and  Canopus.  The  Trafalgar  maintained  her 
extraordinary  weatherly  qualities,  with  want  of  speed ;  the  Albion,  I  thought, 
did  not  do  as  well  as  the  first  cruise.''  f 

Captain  R.  F.  Rowley,  of  the  St.  Vincent,  says,  "  My  opinion  of  the 

*  Letter  from  oaptain  Edw.  Collier  to  rear-admiral  sir  Samuel  Pym,  15th  Oct.,  1846. 
t  Letter  from  captain  Fairfax  Moresby  to  rear-admiral  sir  Samuel  Pym,  16th  Oct,  1845. 
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Trafalgar  is,  that  she  is  a  very  weatherly  ship,  and  particularly  in  bad 
weather,  but  the  other  ships  all  fore-reached  her.  In  moderate  weather  and 
smooth  water,  I  always  considered  she  (the  St.  Vincent)  was  nearly  equal  to 
the  Trafalgar ;  as,  what  she  fore-reached  on  that  ship,  made  up  for  what  the 
other  gained  by  her  weatherly  qualities.  But,  with  the  Queen,  Albion, 
Rodney,  and  Canopus,  the  St.  Vincent  had  no  chance,  except  in  very  light 
airs.  OflF  the  wind,  in  all  weathers,  and  whether  under  a  press  of  canvas 
or  easy  sail,  the  St,  Vincent  is  decidedly  a  fast  ship,  though  by  no  means  so 
fast  as  the  Queen  or  Albion^  but  quite  equal  to  the  Rodney,  Canopus,  or 
Vanguard;  and,  infinitely  superior  to  the  Trafalgar.  The  Qtu^een  always 
appeared  to  me  a  remarkably  fine  man-of-war  on  all  points.  In  all 
moderate  weathers,  whether  on  a  wind,  going  free,  or  before  the  wind,  she 
has  no  competitor;  the  Alhwn  being  the  next  ship  to  her.  The  Albion's 
superiority  over  the  other  two-deck  ships,  and  particularly  the  Rodney,  ship 
of  her  class,  consists  chiefly  in  her  being  much  stiffer  under  a  heavy  press 
of  sail.  In  strong  breezes,  on  a  wind,  I  did  not  perceive  much  difference 
between  them,  except  on  one  occasion,  when  the  sea  was  right  ahead,  the 
Rodney  beat  the  whole  squadron,  and  appeared  much  easier  than  the  Albion^ 
In  moderate  weather  and  smooth  water,  the  Albion  is  the  fastest  ship ;  and, 
off  the  wind,  will  always  beat  the  Rodney.  Before  the  wind,  and  in  a  heavy 
swell,  the  Rodney  would  fight  her  lower-deck  guns  better,  and  with  more 
safety  than  the  Albion.  The  Vanguard  appeared  to  pitch  deep  and  heavily 
during  the  trial,  in  a  head  sea,  and  also  rolled  deeply  before  the  wind. 
I  could  not  perceive  much  difference  between  her  and  the  Canopus,  on  a 
wind ;  but,  off  the  wind,  the  Canopus  was  certainly  the  fastest  ship.  The 
Canopus  is  not  so  weatherly  as  either  the  ^Zdf on  or  Rodney,  but  fore-reaches 
considerably.'^* 

Captain  N.  Lockyer,  of  the  Albion,  says :  "  In  comparison  with  other 
ships,  which  were  all  near  us  at  times,  I  consider  her  behaviour  equally  as 
good  as  any  of  them,  and  they  all  appeared  to  roU  equally  as  deep,  though 
I  think  she  roUs  rather  quicker  than  the  St.  Vincent,  Queen,  Trafalgar,  or 
Rodney!'^ 

On  the  27th  October,  "the  wind  being  light,  with  a  rolling  swell  from 
the  westward,  the  squadron  were  kept  under  low  sail.  At  lOh.  35m.  signal 
to  the  Albion,  Rodney,  and  Superb,  to  denote  extremes  of  rolling  by 
pendulum : — 

"  Albion  made  15®  to  starboard  and  16®  to  port. 
^^  Rodney  made  9®  to  starboard  and  7°  to  port. 
Superb  made  9®  to  starboard  and  10°  to  port. 
Canopus  made  10°  to  starboard  and  11°  to  port. 
Although  the  Albion's  report  of  oscillation  is  greater  than  the  other 


*  Letter  from  oaptain  K  F.  Rowley  to  rear-admiral  sir  Samuel  Pym,  15th  Oct.,  1845. 
t  Letter  from  captaia  Nicholas  Lockyer  to  rear-admiral  sir  Samuel  Pym,  15th  Oct.,  1845« 
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ships,  it  is  not  apparently  more  than  the  Canopus  and  Superb.     It  is  the 
quickness  of  the  Albion's  motion  ivhich  is  remarkable/'* 

To  the  same  purpose,  captain  Edward  Collier,  of  the  Rodney,  writes : 
'^  The  Rodney  can  fight  and  work  her  lower-deck  guns  well,  and  has  shipped 
but  little  water  in  any  of  the  different  exercises  during  the  cruise ;  her 
extreme  rolling  has  been  27°,  while  that  of  the  Albion,  Vanguard,  and 
Superb,  I  hear,  has  been  from  40°  to  45°/*t  Of  the  motions  of  the  Superb, 
captain  Corry  says :  '^  Her  rolling  is  quick,  and,  in  proportion  to  the 
Canopus,  as  about  three  to  two,  which,  in  light  airs,  with  any  swell  what- 
ever, renders  her  very  unsteady ;  and,  it  is  difficult,  under  such  circum- 
stances, to  take  accurate  aim  with  the  guns.  With  the  sea  or  swell  on  the 
beam  or  quarter,  she  rolls  considerably,  but,  whether  deeper  than  other 
ships,  I  have  no  means  of  judging.  Her  motion,  when  right  before  the  sea 
or  swell,  is  very  trifling."J 

At  the  conclusion  of  the  trials,  captain  Lockyer  reports  the  same  relative 
character  of  the  Albion,  "  In  comparison  with  other  ships,  I  consider  her 
behaviour  equally  good ;  they  may  not  roll  quite  so  quick,  but  they  roll 
quite  as  deep  to  appearance. ''|| 

The  relative  capabilities  of  sailing  were  somewhat  changed  in  the  latter 
series  of  trials,  made  under  the  command  of  captain  6.  W.  Willes.  The 
Superb  was  re-coppered ;  and,  instead  of  being  always  a  beaten  ship,  as  at 
first,  she  was  often  the  fastest  ship  in  the  squadron.  But,  as  it  regards  the 
state  of  the  bottom,  she  was  experiencing  the  highest  possible  advantage, 
whilst  some  of  the  other  ships  had  to  compete,  having  their  copper  foul  and 
in  a  bad  condition.  The  Vanguard  also  was  re-coppered  within  the  period  of 
the  trials,  and,  therefore,  had  a  like  accidental  advantage  with  the  Superb. 
On  the  contrary,  captain  Fairfax  Moresby  reports  of  the  Canopus,  that 
''  the  sheets  of  copper,  some  off,  and  in  parts  much  crumpled,  having  been 
near  four  years  on,  must  be  considered,  when  bringing  her  in  contact  with 
the  rest  of  the  squadron.  §  And,  captain  Willes  says :  "  To  their  lordships' 
yielding  to  my  request,  when  I  was  last  at  Portsmouth,  to  allow  me  addi- 
tional ballast,  and  to  the  new  coppering,  I  attribute  the  improved  sailing  of 
this  ship ;  in  fact,  such  an  entire  change  has  taken  place  in  her  motion  at 
sea,  steering  and  working  generally  (although  she  is  still  deficient  in  her 
weights  low  down),  that  I  can  scarcely  bring  myself  to  believe  she  is  the 
same  ship  ."If 

*  Report  from  captaia  Fairfax  Moresby,  H.  M.  S.  Canopus,  to  the  Secretary  of  the 
Admiraltj,  28th  Oct,  1845. 

t  Report  from  captain  Edward  Collier  to  admiral  sir  Charles  Ogle,  bart.,  10th  Deo.,  1845. 

t  Report  from  captain  A.  L.  Corry  to  admiral  sir  Charles  Ogle,  bart,  i8th  Dea,  1845. 

II  Letter  to  admiral  sir  John  West,  E.C.B.,  9th  Dec.,  1845. 

§  Letter  to  admiral  sir  John  West,  10th  December,  1845. 

IF  Report  from  captain  Q.  W.  Willes,  of  the  Van^fuard,  to  the  secretary  of  the  Ad- 
miralty, 17th  November,  1845. 
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There  is  scarcely  any  occasion -to  draw  an  inference  from  the  details  of 
these  experiments.  With  an  honourable  emulation  in  each  captain  to 
develop  all  the  powers  of  performance  of  his  ship  respectively,  it  hardly 
strikes  one  as  an  unexpected  feature  of  some  of  the  reports  of  them,  that 
the  characteristics  of  inferiority  are  evidently  palliated,  and  spoken  of  with 
reserve ;  whilst  the  features  of  excellence  are  placed  in  such  prominence,  bs 
to  throw  a  shadow  over  the  others.  Considering,  now,  the  object  which  is 
contemplated  in  these  experiments,  it  cannot  be  too  fully  understood  that 
any  palliation  of  bad  qualities,  or  any  exaggeration  of  excellence,  tends 
necessarily  to  the  subversion  of  the  object  for  which  these  expensive  trials 
are  made.  There  is  generally  a  great  deficiency  in  reporting  the  details  of 
the  ships^  performances :  one  case  may  serve  as  an  illustration.  In  captain 
Moresby's  report,  already  quoted  as  to  the  rolling  of  the  squadron  on 
the  27th  of  October,  he  says,  "  Superb  made  9°  to  starboard  and  10°  to 
port.  Canoptis  made  10°  to  starboard  and  11°  to  port.''  Of  coiu^e, 
the  Superb  seems  to  have  had  the  advantage,  in  the  smaller  amoimt  of 
rolling.  But,  captain  Corry  says  the  oscillations  of  the  Superb  were  to 
those  of  the  Canopies  *^  as  about  three  to  two."  This  fact,  of  the  quickness 
of  rolling,  inverts  the  order  of  relative  superiority;  for,  the  amount  of 
rolling  of  the  two  ships  was,  Superb  to  Canqpus,  about  as  fifty-seven  to 
forty-two. 

The  question  might  be  asked.  What  is  the  intrinsic  value  of  experiments 
so  conducted,  and  so  reported  ?  And  such  a  question  might  have  been 
left  open  to  firee  inquiry,  had  it  not  already  received  a  practical  answer  in 
the  conduct  of  the  British  government.  But  immediately  after  the  papers 
relating  to  these  experimental  cruises  were  laid  before  Parliament,  the  lords 
of  the  Admiralty  deemed  it  proper  to  guard  the  future  construction  of  ships 
with  more  care  than  it  had  been  hitherto,  by  referring  all  designs  for  ships 
to  a  board  of  naval  construction ;  and  the  result  of  this  arrangement  soon 
showed  itself  in  the  setting  aside  of  all  plans  similar  to  what  was  supposed 
to  have  produced  the  highest  excellence;  as  the  Queen  was  said  to  be 
"  perfect  in  all  points."* 

When  the  Raleighy  50-gun  frigate,  was  commissioned  for  sea  in  1846, 
her  captain,  sir  Thomas  Herbert,  was  ordered  to  try  her  powers  of  sailing, 
in  relation  to  that  of  the  Superb,  Brilliant,  Vanguard,  and  Canopus.  On 
the  30th  of  May,  the  wind  being  moderate  and  steady,  and  the  water 
smooth,  the  Superb  and  Raleigh,  under  all  sail,  began  a  running  trial,  at 
9  h.  15  m.  a.m,,  and  closed  it  at  15  m.  p.m.  In  this  period  of  three  hours, 
the  Raleigh  beat  the  Superb  1340  yards.  Her  angles  of  rolling  were  from 
10°  to  12°,  and  rate  of  sailing  from  six  to  seven  knots.  On  the  same 
day  they  tried  their  comparative  powers  of  sailing  to  windward,  under  all 
plain  sail,  except  the  royals  and  flying-jib.     In  two  hours,  the  Raleigh 

*  Report  of  captain  G.  W.  Willes  to  admiral  sir  Charles  Ogle,  17th  October,  1S45. 
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made  one  more  tack  than  the  Superb;  and  beat  her  1000  yards  to  wind- 
ward. Her  rate  of  sailing  was  from  four  to  six  knots^  and  angle  of  inclina- 
tion 3°  to  5°. 

On  the  19th  of  June^  with  a  very  light  wind  and  smooth  sea^  the  Baletgh 
began  her  trial  with  the  Brilliant,  under  all  plain  sail^  at  2  h.  15  m.  p.m. ; 
and  in  three  hours  and  7  minutes^  she  gained  1792  yards  to  windward. 

On  the  20th  of  the  same  months  she  tried  with  both  the  Superb  and  the 
Vanguard.  The  wind  was  light  and  steady^  and  all  plain  sail  set.  The 
trial  began  on  the  part  of  the  Raleigh  and  Superb  at  9  h.  24  m.  a.m. ;  and 
at  9  h.  29  m.  on  the  part  of  the  Vanguard.  At  4  p.m.  it  terminated^  when 
it  was  found  that  the  Raleigh  had  gained  7880  yards^  that  is  -688  of  a  mile 
an  hour  to  windward^  with  regard  to  the  Superb,  having  made  two  tacks 
less  than  she.  She  gained  on  the  Vanguard  6012  yards^  being  more  than 
half  a  mile  an  hour  directly  to  windward. 

On  the  24th^  the  Raleigh  was  ordered  to  try  her  comparative  rate  of 
sailing  to  windward^  with  the  Vanguard  and  Canopm.  There  was  a  strong 
breeze^  squally  weather^  and  a  rough  head-sea.  At  1  h.  50  m.  p.m.  the 
trial  began.  Her  rate  of  sailing  was  then  6*5  knots  j  and  in  57  minutes 
afterwards^  it  was  ten  knots;  and  the  inclination  was  from  10°  to  \Q\°. 
At  2  h.  15  m.  the  Raleigh  carried  away  her  martingale,  and^  in  consequence, 
took  in  her  jib  and  fore  topgallant- sail.  It  was  then  shown  by  the  angles 
taken,  that  she  had  gained  to  windward  on  the  Vanguard  at  the  rate  of 
^  of  a  mile,  and  on  the  Canopm  at  the  rate  of  i^  of  a  mile  an  hour.  The 
Vanguard  carried  single-reefed  topsails,  main  and  mizen  topgallant-sails, 
driver,  jib,  and  second  jib ;  the  Canopus  carried  single-reefed  top-sails,  top- 
gallant-sails, jib  and  driver ;  and  the  Ralegh  was  under  double*reefed  top- 
sails, topgallant-sails,  jib  and  driver. 

In  the  month  of  August,  several  trials  of  sailing  were  made  by  the 
frigates.  On  the  9th,  the  Spartan,  of  twenty-six  guns,  built  on  the  plan 
of  sir  William  Symonds,  and  Eurydice,  of  the  same  class,  built  on  the 
plan  of  vice-admiral  the  honourable  George  EUiot,  C.B.,  were  sailing  close- 
hauled,  nearly  5  j  hours,  with  a  light  breeze,  under  all  plain  sail,  royals  and 
jib.  The  Eurydice  was  the  faster  sailer,  whilst  the  Spartan  was  the  more 
weatherly.  The  result  was  in  favour  of  the  Spartan,  she  having  beaten 
the  Eurydice  nearly  half  a  mile  to  windward.  On  the  10th  the  same 
frigates  tried  again,  the  wind  being  about  a  point  free.  There  was  a 
moderate  breeze,  and  the  vessels  were  under  all  plain  sail,  royals  and  flying 
jib,  going  about  seven  knots ;  and  in  about  three  hours  and  ten  minutes 
the  Spartan  gained  a  mile  on  the  Eurydice. 

On  the  11th,  the  frigates  being  under  all  plain  sail,  except  royals, 
another  trial  was  made  in  working  to  windward.  In  four  hours  the  Eury^ 
dice  beat  the  Spartan  about  900  yards  to  windward ;  and  in  the  same  time 
the  Raleigh  weathered  on  the  Constance  2760  yards. 

On  the  20th,  a  more  general  competition  took  place,  under  the  orders  of 
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yioe-admiral  sir  William  Parker,  who  reported  the  various  performances  of 
the  several  ships  as  follows  : — * 

'^  The  weather  continmng  favourable,  and  the  wind  strong,  I  sent  the 
Eurydice  fifteen  miles  dead  to  leeward,  and  at  11  h.  15  m.  a.m.  started  the 
Vanguard,  Canqpus,  Raleiffh,  and  Constance  together,  to  pass  round  her 
stem,  and  the  whole  to  beat  back  to  the  flag-ship.  They  passed  the 
Eurydice  successively  in  the  order  stated  in  the  accompanying  return,  and 
rejoined  the  squadron  in  the  order  which  is  also  stated  therein.  All  the 
ships  displayed  excellent  sailing  qualities  and  stability,  but  the  advantage 
was  certainly  with  the  Raleigh,  followed  closely  by  the  Eurydice.  It  is, 
however,  right  to  observe,  that  the  Constance  having  run  before  the  wind 
with  all  her  ree&  out,  lost  ground  considerably  in  reefing  her  topsails,  f 
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Summary  of  Reports  of  Trial  of  Sailing  between  the  undermentioned  Ships, 

19th  August,  1846. 
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One  more  trial  was  made  before  the  frigates  separated,  and  it  is  thus 
reported :  in  ''  the  afternoon  of  the  27th  instant,  the  Rattler  was  sent  five 
leagues  in  the  wind's  eye  of  the  Hibemia,  and  the  whole  squadron  direct  el 
to  beat  up  to  her,  and  pass  her  to  windward,  leaving  the  captains  at  liberty 
to  act  as  they  considered  most  advantageous. 

"  The  wind  not  being  stronger  than  to  admit  an  average  rate  of  six  knots 
and  a  half  per  hour,  the  ships  carrying  royals  with  all  reefs  out  of  the  top- 
sails, five  only  succeeded  in  passing  to  windward  of  the  Rattler  before  dark, 
and  these  weathered  her  in  the  following  order :  1  Raleigh,  2  Constance, 
8  Spartan,  4  Eurydice,  5  Superb.  % 

**  Some  advantage  was  gained  by  the  ships  which  stood  nearest  in  shore. 


*  Despatch  from  yice-admiral  air  'William  Parker,  bart,  G.O.B.,  to  the  seoretaiy  of  the 
Admiralty,  S2nd  August,  1846. 

t  The  advantage  the  Contkmce  had  over  the  other  ships  in  running  down  with 
more  sail,  must  have  been  at  least  equivalent  to  the  loss  she  sustained  in  reefing 
the  topsails ;  and  doubtless  it  was  expected  that,  on  the  whole,  somdking  would  he 
gained. 

X  See  Return  to  the  House  of  Lords,  No.  335,  session  1848. 
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getting  for  a  time  a  fiiTourable  slant.  I  consider^  however,  that  the  RO" 
leigh  had  but  a  slight  advantage  over  the  Comtance^  The  Evrydice  and 
Spartan  sailed  nearly  alike,  proving  themselves  almost  eqnal  to  the  lai^r 
frigates, 

''  Of  the  line-of-battle  ships,  the  Superb  excelled.  The  Vanguard  and 
Canopus,  which  were  next  in  priority,  appeared  on  a  par.  The  Albion  took 
the  lead  of  the  St.  Vincent,  weathering  on  her  altogether  950  yards;  and 
the  St.  Vincent  weathered  on  the  Queen  1550  yards.  The  Rodney  was 
inferior  to  all  but  the  IRbemia,  which,  at  sunset,  was  sixteen  cables'  lengths 
to  leeward  of  that  ship."  * 

The  trials  of  sailing  between  the  Raleigh  and  the  Constance,  a  frigate  of 
the  same  class,  constructed  by  sir  William  Symonds,  extended  over  a  consi- 
derable period.  And  as  the  course  of  competition  is  very  concisely  and 
ably  described  by  sir  Thomas  Herbert,  the  following  quotations  are  made 
from  his  letter  of  the  29th  September,  1846  : 

"  The  Constance  and  Raleigh  have  been  nearly  two  months  together^ 
and  have  had  almost  all  kinds  of  weather  and  winds,  and  have  had  trials 
in  all  points  of  sailing.  On  our  passage  from  off  Lisbon  to  the  tropic  of 
Capricorn,  we  have  had,  occasionally,  light,  variable,  and  fresh  breezes,  and 
strong  and  steady  trades,  so  steady,  that  for  days  we  have  had  no  occasion 
to  touch  a  brace.  Frequently  the  Raleigh  had  to  shorten  sail,  and  heave 
to,  for  the  Constance  to  come  up,  and  scarce  a  day  that  the  Raleigh  did^ot 
run  ahead  of  her  several  miles ;  and  on  two  occasions  she  was  left  half 
courses  and  hull  down  astern. 

"  During  the  short  time  the  Raleigh  has  been  in  commission,  she  has  been 
over  one  hundred  days  at  sea,  and  has  experienced  some  rough  as  well  as 
smooth  weather,  though  actually  not  a  very  strong  gale ;  and  I  never  was 
in  a  drier  or  easier  ship,  or  one  that  strained  her  rigging  less.  She  steers 
well,  stays  and  wears  quickly;  she  scarce  can  be  put  out  of  trim,  for 
whether  she  is  a  few  inches  by  the  head  or  the  stem,  or  with  five  or  three 
months'  provisions,  it  seems  to  make  no  difference  in  her  sailing.  I  con- 
sider she  does  best  in  the  builder's  trim ;  and  I  cannot  find  out  anything 
in  the  ship  that  requires  altering.  She  stows  five  months'  provisions,  and 
240  tons  of  water,  with  the  greatest  ease ;  has  wings  round  her.  Sut  if 
that  part  of  the  after-hold,  taken  off  for  the  wings,  were  to  be  thrown  into 
it,  as  they  are  in  the  Constance,  she  could  then  stow  nearly  six  months, — 
not  that  I  should  recommend  the  wings  to  be  thrown  into  the  after-hold. 
Taking  the  ship  as  a  whole,  I  do  not  beUeve  a  more  perfect  man  of  war 
was  ever  built." 

One  can  hardly  go  through  a  comparison  of  the  reports  of  officers  com- 
manding rival  ships,  in  experimental  sailing,  and  retain  his  confidence  that 


*  Despatches  from  vice-admiral  air  W.  Parker,  to  the  secretary  of  the  Admiralty,  S9th 
August,  and  2nd  September,  1846. 
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all  of  them  were  written  with  perfect  impartiality.  The  captain  of  the 
Constance  J  sir  Baldwin  W.  Walker^  in  his  report^  dated  the  29th  September^ 
1846,  ssLjs, — ''  I  am  of  opinion  that,  before  the  wind,  the  Raleigh  has  had 
the  advantage  of  the  Constance,  but  with  the  wind  abeam  and  abaft  it,  the 
Constance  has  had  the  advantage  of  the  Raleigh.  On  a  wind,  the  Constance 
b  more  weatherly^  but  the  Raleigh  fore-reaches.  And,  on  the  whole,  as  far 
as  the  trials  have  gone,  I  am  of  opinion  that  both  ships  are  nearly  as  equal 
as  possible.  There  has  been  no  trial  with  less  sail  than  single-reefed  top- 
sails, topgallant-sails,  courses^  jib,  and  spanker ;  and  although  the  ships 
have  not  had  much  of  a  trial  against  a  head-se%  judging  from  what  I  have 
observed,  I  am  of  opinion  that  the  Constance  would  have  greatly  the 
advantage  of  the  Raleigh,  Generally  speaking,  the  winds  have  been  hght 
and  variable  since  we  left  the  squadron ;  and  in  consequence  of  the  great 
distance  the  two  ships  have  been  occasionally  apart,  it  is  difficult  to  decide 
which  is  the  best  sailer.^' 

The  dalLy  records  of  the  relative  performances  of  the  two  ships,  leave  no 
room  whatev^  now,  to  doubt  which  was  the  better  sailer.*  Tins  may  have 
been  uncertain,  as  it  regards  the  run  from  lisbon  to  Madeira;  for  the 
difference  was  only  four  mUes  out  of  500,  in  favour  of  the  Raleigh,  On 
the  28th  of  August,  the  report  of  the  Constance  says :  ''  Gkuned  considerably 
on  Raleigh  between  11  and  noon,  running  with  the  wind  abeam,  with  star- 
board studdingsails  set.^'  The  wind  was  then  on  the  quarter.  At  night 
the  Raleigh  gained  eight  miles  on  the  Constance,  an  advantage  which  was 
lost  on  the  29th,  the  wind  varying  about  two  points.  The  Raleigh's 
report  sajrs:  '^Wind  rather  variable  and  light  during  part  of  this  day; 
Constance  apparently  bringing  up  the  breeze.  Both  ships  under  all  possible 
sail.^'  On  the  30th,  the  advantage  was  again  on  the  part  of  the  Raleigh, 
when  they  both  arrived  at  Madeira. 

From  the  time  when  the  frigates  left  Madeira,  till  they  passed  the  tropic 
of  Capricorn,  occupying  a  period  of  twenty-five  days,  the  Raleigh's  report 
states  that  on  one  morning  the  Constance  had  the  advantage  in  sailing ; 
but  no  such  statement  is  repeated.  During  this  time  there  were  trials  of 
sailing  with  the  wind  right  aft,  nearly  aft,  on  the  quarter,  two  or  three 
points  abaft  the  beam,  nearly  abeam,  one  point  fr^e,  and  for  seven  days 
successively  they  were  sailing  by  the  wind.  On  six  of  these  days  the 
Raleigh  had  the  advantage,  and  on  the  other  day,  the  frigates  were  nearly 
equal.  During  the  greater  part  of  one  other  day,  the  wind  being  nearly 
abeam,  there  was  no  difference  in  the  sailing  of  the  two  ships.  The  Raleigh 
had  to  shorten  sail  ten  times  during  these  twenty-five  days,  to  allow  the  Con^ 
stance  to  come  up ;  besides  at  various  other  times,  carrying  less  sail  than 
the  Constance,  still  having  the  advantage  of  her.  Several  days  passed, 
subject  to  calms  and  Hght  variable  airs,  which  allowed  no  opportunity  of 


*  They  have  been  made  public  through  the  medium  of  the  House  of  Lords. 
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trying  the  Bailing  powers  of  the  ships ;  ou  one  of  these  days,  however^  Sep- 
tember 16,  Constance's  report  says :  "  Daring  the  forenoon,  light  variable 
winds,  with  a  head  swell.  Lowered  royals,  and  hauled  up  the  mainsail  to 
keep  our  station.  Head  sea  :  Raleigh  has  no  chance  with  Constance. 
Rate  of  sailing,  one  and  two  knots.'^ 

In  the  trials  of  sailing  between  the  Superb,  80-gan  ship,  constructed  by 
sir  WilUam  Symonds,  the  America,  a  50-gun  raz^  (formerly  a  74-gan 
ship),  built  in  1810,  after  a  design  by  the  surveyors  of  the  navy,  and  the 
TTietis,  40-gun  firigate,  designed  by  Messrs.  Bead,  Chatfield  and  Creuze, 
a  striking  difference  was  exhibited  by  the  two  principal  ships,  the  Superb 
and  the  TTietis,  resulting  from  a  cause  inherent  in  the  ships.  The  inferiority 
of  the  Superb  was  the  most  fuUy  exhibited  in  sailing  close-hauled,  with  a 
head-sea;  but  this  became  less,  as  the  cburse  of  the  ships  was  such,  that 
they  received  the  swell  upon  the  quarter  instead  of  the  bow.  The  relative 
sailing  qualities  were  tried  on  several  occasions,  and  under  several  conditions 
of  wind  and  sea.  On  the  1st  of  March,  1847,  the  trial  was  with  the  wind 
abeam,  and  a  long  sweU.  In  these  circumstances  the  Thetis  beat  the 
Superb,  at  the  rate  of  2500  yards  an  hour ;  the  America  was  second, 
gaining  a  considerable  advantage  over  the  80-gun  ship.  But  in  the  course 
of  the  trial,  the  swell  materially  decreased,  and  the  comparative  rates  of 
sailing  were  altered ;  the  Thetis  continued  to  gain  then  at  the  rate  of  only 
700  yards  an  hour ;  and  the  America  became  the  third  ship. 

On  the  next  day,  a  trial  took  place,  close-hauled,  with  a  fresh  breese. 
When  the  swell  was  on  the  weather-quarter,  the  Superb  beat  the  frigates 
considerably  to  windward ;  but  when,  on  the  opposite  tack,  the  sweU  was 
upon  the  bow,  the  Thetis  beat  the  Superb.  During  the  whole  trial,  which 
lasted  5h.  25m.,  the  Thetis  beat  the  Superb  3000  yards,  and  the  America 
3840  yards  directly  to  windward.  The  Superb  sustained  some  disadvantage 
by  splitting  her  fore-topsail,  which  was  then  lowered  for  more  than  half 
an  hour. 

The  next  trial  was  in  sailing  one  point  free,  with  a  fresh  breeze  and 
smooth  sea.  In  about  2h.  and  20m,,  the  America  beat  the  Superb  1280, 
and  the  Thetis  beat  her  850  yards.  The  wind  afterwards  changed  and 
was  very  light,  with  a  slight  following  swell,  which  turned  the  advantages ; 
for,  during  about  three  hours  in  which  the  trial  was  continued,  the  Superb 
gained  on  the  Thetis  600  yards,  and  1200  on  the  America. 

A  second  trial  of  sailing  close-hauled,  was  made  on  the  8th.  The  three 
ships  carried  single-reefed  topsaik,  courses,  fore  and  main  top-gallantsails, 
jib,  and  single-reefed  spanker.  '^  During  the  first  hour,  the  Thetis  beat 
.  the  Superb  nearly  400  yards  to  windward;''  but  the  wind  then  changed, 
and  brought  the  swell  more  aft,  when  "  her  gain  was  greatly  diminished.'' 
There  was  but  little  difference  in  the  sailing  of  the  Superb  and  the  America, 
In  continuing  the  trial,  the  Thetis  beat  at  the  greatest  rate  as  there  was 
a  head  sea,  and  at  the  least  rate  as  the  swell  was  more  aft.    And  in  the 
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period  of  4h.  and  12in.^  the  Thetis  beat  the  Superb  5230^  and  the  Superb 
beat  the  America  3980  yards  directly  to  windward. 

The  trial  on  the  9th^  was  in  running  before  a  strong  breeze,  with  a  long 
swells  under  all  plain  sail^  except  the  jib  and  spanker.  In  the  course  of 
7h.  they  sailed  through  a  space  of  fifty-nine  miles ;  while  the  Superb  and 
America  were  nearly  equal,  the  Thetis  gradually  gained  on  the  Superb; 
and  her  ultimate  advantage  was  about  3200  yards. 

The  three  remaining  trials  were  on  a  wind.  On  the  13th,  the  ships  were 
under  all  plain  sail^  and  there  was  a  slight  swell  on  the  weather-quarter. 
After  sailing  l|h.,  the  ships  wore  together,  occupying  respectively  the  fol- 
lowing times : — Superb  5m.  40s.,  America  5m.  54s.,  and  Thetis  6m.  43. 
But,  in  the  course  of  wearing,  the  Thetis  gained  460  yards  on  each  of  the 
other  ships  ;*  and  in  Ih.  25m.,  on  the  port  tack,  she  gained  785  yards  on 
the  Superb;  and  this  ship  gained  150  yards  on  the  America. 

On  the  26th  of  March,  as  well  as  on  the  30th,  the  America  did  not  join 
in  the  trial.  On  the  first  of  these  days,  it  included  exercising  the  guns,  as 
well  as  sailing.  ''  During  the  forty-five  minutes  we  were  on  the  starboard 
tack,  the  Superb  gained  520  yards  on  the  Thetis;'*  but  ^^ during  the 
8  hours  and  45  minutes  which  the  trial  lasted,  the  Thetis  gained  to  wind- 
ward of  the  Superb  1650  yards.''  The  time  in  which  the  Superb  gained 
her  advantage,  was  when  the  swell  was  on  the  quarter. 

"  March  30th,  at  9h.  20m.  a.m.,  the  signal  was  made  to  try  rate  of 
sailing  on  a  wind,  and  for  the  Thetis  to  carry  the  same  sail  as  the  Superb. 
There  was  a  light  breeze  firom  the  N.E.  by  E.,  varying  through  the  trial, 
in  strength,  firom  a  two-knot  to  a  five-knot  breeze ;  and  in  direction  nearly 
two  points;  and  a  slight  swell  from  N.N.E.  The  Thetis  went  rapidly  past 
the  &^ft,  and  continued  to  gain  on  her  during  the  day,  in  a  greater  pro- 
portion  than  in  any  previous  trial.  At  Ih.  20m.,  the  ships  broke  off  three 
points;  the  angles  were  immediately  taken,  and  the  recal  made,  the  trial 
having  lasted  three  hours,  during  which  time  the  Thetis  beat  the  Superb 
2810  yards  to  windward.'' 

In  the  following  November,  the  Thetis  was  again  tried  with  several 
ships  of  the  line, — as  the  Vanguard,  Superb,  AUnon,  Rodney,  Hibemia,  and 
TVqfalgar.  On  the  9th  of  that  month,  the  trial  w:as.  in  going  free,  with  a 
moderate  and  steady  wind,  and  a  smooth  sea,  under  all  plain  sail,  and  star- 
board or  port  studdingsails^  according  to  the  tack.  The  Thetis  gained  on 
the  Vanguard  at  the  rate  of  850  yards  aa  hour, — on  the  Superb  at  nearly 
double  that  quantity,^-on  the  Albion,  1960  yards, — on  the  Rodney,  two 
miles, — and  on  the  Hibemia  and  Trafalgar,  a  little  more. 

The  four  other  trials  were  i]a  saihng  close-hauled.     On  the  first  of  these 

*  The  advantage  gained  by  the  Thetis  in  this  manoeuvre,  was  deemed  bo  extraordinary 
at  the  time,  that  the  officer  who  was  taking  the  angles  of  bearing,  distrusted  the  accu- 
racy of  his  observation,  and  called  the  master  of  the  ship  to  verify  it. 
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there  was  a  fresh  steady  wind ;  and  all  plain  sail,  except  the  royals^  warn 
carried.  At  the  beginning,  the  sea  was  rather  rough ;  but  it  became  more 
moderate  during  the  time  of  the  trial.  In  5h.  30m.,  the  'netis  beat  the 
Superb  at  the  rate  of  1363,— the  Albion  1818,— the  Vanguard  2418,— the 
Trafalgar  2654, — ^the  Rodney  2727, — and  the  Htbemia  3000  yards  an  hour, 
"  dead  to  windward.^^  In  this  trial,  the  Vanguard  sustained  some  disad- 
vantage by  the  splitting  of  her  fore-topsail.  On  the  18th,  the  wind  was 
light  and  variable,  and  the  sea  smooth :  a  trial  of  sailing  close-hauled  took 
place,  lasting  6h.  50m.  The  Thetis  weathered  directly  on  the  other  ships 
as  follows:  on  the  Vanguard  776  yards, — ^the  Albion  1080, — the  Stg^erb 
1340,— the  Htbemia  1570,— the  Trafalgar  1676,— and  the  Rodney  1760 
yards  per  hour.  On  the  15th,  the  Thetis  beat  her  two  competitors,  the 
Albion  and  Superb,  in  a  rather  greater  degree,  the  wind  being  moderate 
and  variable,  and  the  sea  smooth.  The  last  trial  included  the  Rodney  also, 
and  lasted  6h.  20m.  The  TTietis  now  beat  the  Albion  685,— the  Superb 
1000, — and  the  Rodney  1530  yards  an  hour,  dead  to  windward.*  And 
sir  William  Parker  says,  **  The  Tlietis  appears  to  answer  in  all  respecta 
admirably,  and,  I  understand  from  captain  Codrington,  is  not  easily  put 
out  of  trim.'' 

In  connection  with  the  performances  of  experimental  squadrons,  the 
claims  of  amateur  naval  constructors  are  brought  before  the  public.  K  it 
were  a  subject  of  inquiry,  What  benefit  has  the  country  ever  derived  from 
what  they  have  done? — ^it  might  be  difficult  to  find  a  positive  answer. 
Indeed,  it  is  not  easy  to  identify  their  performances  with  any  merit  which 
the  good  character  of  a  ship  they  may  have  been  the  means  of  introducing 
into  our  navy  might  generally  seem  to  imply.  It  is  not  to  be  expected 
that  men  without  professional  education  can  become  naval  architects; 
whilst  it  would  be  absurd  to  suppose  that  observing  naval  officers  may  not 
gain  valuable  ideas  on  this  subject.  But  what  is  the  condition  in  which 
their  opinions  are  evolved?  Undoubtedly  much  more  in  that  of  disjointed 
notions,  than  as  parts  of  a  system  exhibiting  their  dependences  and  rela- 
tions in  regular  order.  This  seems  to  be  inevitable ;  since  the  relations 
of  the  various  conditions  cannot  be  understood  without  study, — a  study 
embracing  the  elements,  as  well  as  the  general  conditions,  and  the  outline. 

What  is  now  the  effect  of  constructing  ships  with  so  special  a  reference 
to  a  particular  condition  of  form  or  dimensions?  Has  it  been  a  tendency 
to  general  improvement  ?  It  is  clear  that  the  partiality  which  includes 
more  of  one  property  than  is  consistent  with  the  conditions  of  general 
excellence,  is  carrying  alterations  in  an  unfortunate  direction, — ^it  is  going 
backwards.  This  course  of  proceeding  is  essentially  erroneous,  as  it  is  at 
variance  with  the  principles  which  both  science  and  experience  have  proved 
to  be  true.   As  amateur  constructors  do  not  hold  their  notions  in  deference 


*  Report  of  vioe-admiral  sir  WiUiam  Parker,  I8th  November,  1847. 
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to  any  system  of  principles,  so  they  are  at  a  loss  how  to  remedy  defects :  ^ 
and  for  the  want  of  a  correct  knowledge  of  general  principles^  there  is  no 
prospect  for  that  which  is  left  to  their  hands,  but  perpetual  error ; — ^a  very 
grave  fact,  which  needs  no  more  illustration  than  many  of  the  ships  in  the 
British  navy  now  supply. 

It  cannot  fail  of  being  very  useful  to  the  scientific  constructor,  to  have 
all  the  elements  of  the  body  shown  in  a  general  relation  to  each  other,  and 
compared  with  experimental  data.  He  will  be  thereby  essentially  aided  in 
drawing  conclusions,  as  to  the  relation  the  general  elements  bear  to  the 
performances  of  ships.  And  the  more  experimental  sailing  is  made  with 
the  simply  view  of  murTring  the  relative  qualities  quite  distinctly,  and  irre- 
spectively of  successful  competition,  the  more  useful  will  it  be  in  improving 
the  science  of  ship-building ;  since  it  is  firom  actual  experience  that  general 
principles  are  to  be  deduced,  and  laws  established  for  building  ships  with 
gro^^g  certainty  of  success. 

There  are  some  relations  of  the  elements  of  bodies,  in  which  ships  should 
be  compared  together,  in  reviewing  the  results  of  their  trial-sailing,  and  there 
are  also  various  conditions  in  which  they  should  be  subjected  to  compari- 
son,— as  the  trim  of  the  ship,  the  position  and  trim  of  the  sails,  and  several 
others ;  for  it  is  well  known,  that  the  good  or  bad  sailing  of  a  ship  depends 
on  many  causes  :  and,  therefore,  apart  from  such  general  comparison, 
much  is  often  left  to  mere  conjecture,  as  to  what  are  the  true  conditions  of 
character.  A  plan  for  developing  the  highest  powers  of  performance  in 
ships  intended  to  be  tried  in  competition,  is  elsewhere  suggested.  K  that 
were  acted  on,  and  the  results  of  their  sailing  and  other  capabilities  com- 
pared in  connection  with  the  relations  of  their  elements,  improvement  might 
be  confidently  expected  to  follow.  With  the  view  to  guide  and  fiunUtate 
such  comparisons,  the  following  elements  of  ships,  that  have  been  already 
tried,  are  presented. 

*  When  captain  Hayes  first  appeared  !» the  oonstraotor  of  a  ship  of  war,  he  made  the 
after-body  fuller,  in  oompaiison  with  the  fore-body,  than  that  of  most  other  Bhips  in  the 
navy.  But  on  finding  the  effect  of  this  error,  he  afterwards  formed  the  design  for  a 
ship,  having  one  of  the  mallest  relative  after-bodies.  On  the  contrary,  captain  Symonds 
built  his  first  experimental  ship  with  the  after-body  remarkably  small,  in  relation  to 
the  fore-body.  Be  also  passed  into  the  opposite  extreme  ;  and  in  a  future  experiment 
he  gave  a  greater  relative  fulness  to  the  after*body  than  most  other  ships  possessed. 
If  the  principles  on  which  the  adjustment  of  the  body  of  a  ship  is  determined,  had  guided 
the  constructor  in  either  of  these  cases,  he  might  surely  have  avoided  the  error  of 
giving  an  excemve  relative  fineness  or  fulness  to  either  extremity  of  his  ship. 
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In  reviewing  the  history  of  the  British  navy  through  the  greater  part  of 
the  last  century,  we  see  much  sound,  practical  knowledge,  generally  marking 
the  conduct  of  the  surveyors  of  the  navy,  in  forming  their  designs.  And 
the  character  which  their  ships  bore,  in  long  and  arduous  duties,  makes 
the  names  of  their  several  constructors  to  be  respected  in  the  English  naval 
service.  Apart  from  mathematical  reasoning  and  investigation,  to  which 
they  did  not  pretend,  they  carefully  compared  the  various  facts  of  expe- 
rience, and  cautiously  and  judiciously  drew  their  conclusions.  On  the 
other  hand,  mathematicians  have  laboured  in  the  investigation  of  causes, 
but  they  have  generally  reasoned  on  hypotheses  instead  of  facts;  and 
hence,  there  is  scarcely  a  formula  on  any  part  of  this  science  that  can  be 
applied  and  depended  on  for  accurate  results^  with  the  exception  of  Mr. 
Atwood's  formula  for  determining  the  stability  of  ships.  Constructors  are^ 
therefore,  stiU  left  to  deduce  from  experience  the  conditions  on  which  their 
designs  shall  be  formed,  both  as  to  the  resistance  which  ships  have  to 
overcome  in  passing  through  the  water,  and  to  the  motions  of  pitching 
and  rolling.  Euler  has,  with  his  usual  ability,  investigated  the  resistance 
opposed  to  a  ship's  motion  through  the  water,  and  has  given  a  formula  for 
calculating  its  amomit ;  but  Chapman  says  '^  it  is  the  velocity  of  the  body 
which  ought  to  determine  the  place  of  the  greatest  breadth,  in  order  that 
the  resistance  may  be  a  rninimum  /'  *  and  he  deduced  this  result  from 
experiments.  Recent  experience  in  the  British  navy  has  agreed  with  thia 
deduction ;  for,  in  the  reports  of  the  sailing  of  the  Raleigh  and  Constance, 
it  is  shown,  that  in  light  airs  and  very  small  velocities,  the  Constance  always 
beat ;  but  when  there  was  a  firesh  breeze,  the  sailing  power  of  the  Raleigh 
was  invariably  and  decidedly  superior.  Her  greatest  breadth  was  consi- 
derably farther  forward  than  that  of  the  Constance.  Don  Juan  says, ''  Of 
all  the  theories  of  a  ship's  motions,  the  most  complicated  is,  without  con- 
tradiction, that  of  the  rolling  and  pitching ; "  f  and  he  points  out  the 
defect  in  the  reasonings  of  mathematicians  on  this  subject.  These  two 
important  questions  remain  yet  unsolved. 

In  the  absence  of  formuhe,  to  apply  in  investigating  the  connection  of 
cause  and  effect,  great  difficulty  is  necessarily  felt ;  and  there  are  few  that 
have  time,  and  patience,  and  means,  to  attempt  such  a  work  from  the  facts 
of  experience.  The  British  navy  might  have  supplied  enough  of  these  for 
this  purpose ;  but  though  they  have  been  exhibited  and  repeated  thousands 
of  times,  yet  they  are  seldom  watched  and  registered  with  sufficient  exact- 
ness in  the  details.    Thus  it  is,  that  theory  and  experience  together  leave 


*  Traits  de  la  Constraction  des  Yaisseaux,  he  Par  Frederic-Henri  de  Chapman ; 
traduit  du  Sa^dois  par  M.  Yial  du  Olairbois.    Chap,  iv.,  §  15. 

t  Examen  Maritime,  Th^oretiqne  ct  Pratique.  Par  Don  Georges  Juan ;  traduit  de 
TEspagnol  par  M.  Lev^ue.    Tome  second,  chap.  vi. 
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the  subject  involved  in  uncertainty^  as  to  many  things  that  are  necessary 
to  perfection. 

Objection  has  been  made^  that  ships  built  on  the  same  lines  have  been 
dissimilar  in  their  character  at  sea.  It  may  be  freely  admitted  that  few 
things  are  more  clearly  possible.  Sut  as  like  causes  produce  like  effects^  it 
is  equally  clear  that^  if  the  ships  are  alike^  such  difference  is  owing  to  some- 
thing else  than  the  form.  There  is  more  than  enough  in  the  accidental 
conditions  of  ships  to  account  for  this  fact ;  it  is^  then^  amongst  these  that 
the  causes  of  the  difference  should  be  sought.  Although  it  is  not  an  essential 
condition  that  a  ship's  form  should  be  sach  as  to  make  a  difference  of 
stowage  (causing  a  difference  of  a  few  inches  in  her  trim  longitudinally) 
produce  a  sensible  alteration  in  her  sailing  qualities ;  yet  we  see  few  ships 
that  are  not  sensitive  in  this  respect.  The  causes  of  many  varied  effects 
might  be  found  in  the  differences  of  stowage.  Further,  the  dissimilar  rela- 
tive positions  of  sail,  whilst  other  things  remain  the  same,  would  produce 
great  and  important  differences  in  ships'  sailing  qualities  and  powers  of 
evolution.  If  all  the  accidental  conditions  of  such  ships  are  alike,  and  still 
the  qualities  exhibited  in  their  performances  are  unlike,  then,  instead  of 
depending  on  the  official  report  of  their  having  been  built  on  the  same 
lines,  as  proof  that  they  were  really  alike,  it  would  be  better  to  take  off  the 
bodies,  and  determine  the  question  of  exact  resemblance,  before  drawing 
final  conclusions.  But,  whilst  the  whole  scope  of  the  question  is  open  to 
inquiry,  it  is  evident  that  it  cannot  be  discussed  with  advantage  in  the 
gross,  although  the  character  of  many  ships  has  been  declared  on  no  stricter 
inquiry ;  the  question  should  be  narrowed  by  discussing  separately,  and  in 
detail,  the  various  points  which  it  includes ;  and,  it  may  be,  that  the  most 
satisfactory  conclusions  will  be  arrived  at  by  such  a  mode  of  investigation. 

The  general  observations  on  experimental  squadrons,  and  trials  of  com- 
parative sailing,  interspersed  with  the  narrative  part  of  this  article,  leave 
occasion  to  say  but  little  in  conclusion.  There  remain,  however,  to  be 
noticed  briefly,  the  relative  conditions  of  ships  under  trial.  If  the  fitness 
of  a  ship's  form  to  the  state  of  the  ocean,  is  to  be  inquired  into  on  the 
ground  of  her  sailing,  or  the  manner  in  which  she  otherwise  behaves,  rela- 
tively to  other  ships,  it  seems  that  one  of  the  first  conditions  should  be,  to 
have  them  accidentally  as  much  alike  as  circumstances  will  allow.  Let  it 
be  admitted,  as  a  general  principle,  that  the  weights,  including  the  arma- 
ment, put  on  board  of  any  ship,  should  bear  some  definite  relation  to 
the  parallelepiped  of  her  length,  breath,  and  mean  draught  of  water,  or,  in 
other  words,  to  her  principal  dimensions ;  then,  if  ships^  in  their  respective 
classes,  of  different  form,  or  different  relative  dimensions,  are  in  this  respect 
brought  to  a  standard,  there  is  estabhshed  one  fair  condition  for  com- 
parison. It  is  very  clear  that  a  disregard  of  this  condition  must  leave  so 
much  in  a  state  of  uncertainty,  that  there  is  not  enough  defined  to  supply 
such  proof  of  the  ground  of  excellence  or  of  defect  as  is  required  in  carrying 
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on  the  needed  improvementB  in  naval  architecture.  And  yet  there  has  been 
scarcely  anything  connected  with  experimental  sailings  within  these  few 
years^  which  has  involved  more  uncertainty^  as  it  regards  the  sailing  and 
other  qualities  of  many  of  the  ships  which  have  been  built  since  the 
removal  of  the  restrictions  to  a  certain  tonnage,  in  constructing  ships  of 
war.  This  fact  has  been  noticed  by  rear-admiral  sir  Charles  Kapier,  in 
respect  of  the  Queen ;  and  it  was  remarked  on  by  him  in  a  letter  to  the 
secretary  of  the  Admiralty^  dated  the  29th  of  November,  1847 :  "  The  Queen 
is  an  enormous  ship,  and  I  think  ought  to  mount  ten  more  guns  in  her 
vacant  ports ;  her  main-deck  guns  ought  also  to  be  heavier. 

**  The  Queen  is  certainly  superior  to  other  three-deckers  in  sailing  and 
stability ;  but  for  her  sisse  she  is  underweightedj  which  may  be  easily  seen 
by  comparing  the  weight  of  her  guns,  powder,  and  shot,  with  her  tonnage, 
and  the  same  with  any  other  three-decker ;  and  I  very  much  doubt  whether 
the  Quieen  would  be  so  superior,  if  they  were  weighted  in  proportion  to  their 
size  j  it  would  be  an  experiment  well  worth  trying/' 

Other  conditions,  claiming  the  like  attention,  are  the  relation  of  the  area 
of  sail  carried,  to  the  area  of  the  greatest  transverse  section  of  the  ship, 
and  also  to  her  displacement ;  these  relate,  of  course,  to  her  speed  through 
the  water.  But  there  are  conditions  apart  from  the  form  and  stowage, 
which  affect  the  motions  of  ships ;  and,  in  order  to  compare  them  fairly, 
it  appears  necessary  to  try  them  with  such  reference  to  the  parity  of  those 
conditions  that,  as  much  as  the  dicamstances  wiU  aUow,  conclusions  may 
be  come  to,  freed  from  doubt  as  to  the  cause  of  difference  :  one  of  these 
is  the  relation  of  the  moment  of  sail  before  the  centre  of  gravity  to  that 
abaft  this  point ;  for  it  is  evident,  that  a  ship's  power  to  hold  a  good  wind 
and  to  stay  well,  must  depend  on  the  correct  relation  of  these  two  forces. 
For  this  point,  see  the  Tables  of  Elements,  in  which,  for  the  several  ships, 
the  relation  of  the  fore  and  after  moments,  with  the  position  of  the  centre 
of  effort  of  the  sails  in  relation  to  the  centre  of  gravity  of  displacement,  is 
given ;  and  below  is  shown  the  power  of  sail,  given  in  terms  of  the  displace- 
ment, and  of  the  area  of  the  greatest  transverse  section.  The  weight  of  the 
armament  is  likewise  shown  in  relation  to  the  principal  dimensions,  or  in 
relation  to  the  circumscribing  paraUelopipedon  formed  by  the  principal 
dimensions,  as  by  it  all  the  other  weights  in  a  ship  of  war  are  determined, 
and  it  is  on  showing  these  relations  that  we  can  form  one  fair  condition  for 
comparison. 

In  the  foUowing  Table,  A  denotes  the  whole  area  of  sails  in  square  feet ; 
a,  the  area  of  the  midship  section ;  D,  the  displacement  in  tons ;  T,  the 
number  of  tons  that  would  be  displaced  by  a  paraUelopipedon  contained 
by  the  length  and  breadth  at  the  water-line,  and  mean  draught  of  water  to 
the  under  side  of  the  rabbet  of  the  keel;  and  W,  the  whole  weight  of 
armament  in  tons,  including  guns,  carriages,  powder,  shot,  shell,  &c. 

Therefore,  ^.  will  be  equal  to  the  number  of  square  feet  of  sail  to  a  ton  of 
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displacement ;  |^  the  number  of  square  feet  of  sail  to  every  square  foot 
in  the  area  of  the  midship  section ;  and  ^^  the  number  of  tons  of  the 
parallelopiped  to  one  ton  of  the  armament. 
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18-10 
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29-67 
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34-1 

16-12 

7-74 

30-02 

16-44 
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37-15 

21-05 

9-56 
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22-90 

11-20 

37-01 

24-11 

11-83 

39-0 

23-10 

13-18 

34-31 

26-2 

13-9 

4006 

23-9 

Hence  it  appears^  on  examining  the  proportions  in  the  above  Table, 
that  the  remarks  made  by  sir  Charles  Napier^  respecting  the  Que^  are 
fully  corroborated.  It  may  likewise  be  seen,  upon  inspecting  the  other 
proportions^  how  far  the  several  ships  are  brought  under  the  same  con- 
ditions, as  it  regards  their  propelling  power,  and  effectiveness  as  men-of-war. 

Observations  on  tlie  Experimental  Sailing  of  the  English  and  French 
Squadrons,  under  the  separctte  commands  of  Admiral  Sir  P,  Malcolm^  and 
Admiral  Ducrest. 

If  regard  be  had  to  the  different  navies  of  Europe^  it  will  be  seen,  that 
England  has  not  proceeded  alone  in  her  efforts  to  improve  the  character  oi 
her  ships  of  war^  so  that^  as  the  result  of  science  and  art,  they  might  hold 
a  position  inferior  to  none  of  their  rivals.  Setting  aside  the  more  enlight. 
ened  policy  by  which  this  branch  of  our  national  establishment  has  been 
governed  within  these  few  years^  and  the  improvements  which,  under  the 
countenance  of  that  policy,  have  been  in  progress,  the  character  of  British 
ships  has,  until  quite  recently,  been  confessedly  inferior  in  speed.  And 
yet^  with  an  essential  inferiority,  there  were  many  favourable  circumstances 
which  combined  firequentiy  to  give  them  decided  advantages. 

The  naval  establishment  of  France  has,  from  its  earliest  development  oi 
power,  ever  been  looked  upon  by  the  English  as  an  object  to  excite  their 
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emulation.  On  the  other  hand^  the  French  have  constantlv  regarded  the 
acknowledged  supremacy  of  Britush  power  on  the  ocean  as  an  object  of 
aversion  and  rivalry.  And  the  friendly  correspondence  which  has  subsisted 
between  the  two  nations  during  the  present  long  reign  of  tranquillity^  has 
not  annihilated  that  feeling.  The  more  intimate  is  the  association  of  the 
two  navies,  the  more  ample  are  the  opportunities  for  each  to  excel,  in  so 
far  as  improvement  may  be  the  result  of  comparison  and  inference. 

The  French  have  recognised  this  advantage,  and  have  aimed  at  profiting 
by  associations  of  British  and  French  ships,  subsequently  to  the  last  war, 
and  especially  by  the  union  of  squadrons  of  English  and  French  sh^  of 
war  in  the  Downs,  in  the  year  1832.  The  facts  brought  more  particularly 
under  the  notice  of  the  minister  of  marine,  by  that  association,  were  made 
the  subject  of  inquiry ;  and  a  commission  was  appointed  in  the  following 
year  to  examine  into  the  causes  of  the  inferiority,  which  was  acknowledged 
of  French  ships  generally.  Two  principal  objects  were  indicated  to  regu- 
late their  investigations, — the  inferiority  of  their  ships  in  sailing,  and  the 
frequency  of  their  sustaining  damage. 

With  an  object  thus  limited,  and  yet  comprehensive,  claiming  their 
attention,  the  commission  proceeded  in  their  inquiry,  obtaining  such  official 
information  as  they  could  on  the  character  and  performances  of  different 
ships,  and  especially  of  the  ships  composing  the  French  squadron,  under 
admiral  Ducrest,  which  had  been  in  connection  with  that  of  the  English, 
under  the  conmiand  of  sir  Pulteney  Malcolm.  And,  as  to  the  sailing  of 
the  ships,  they  directed  their  consideration  to  the  form  of  the  bottom,  the 
masts  and  yards,  the  sails,  the  disposition  of  weights,  including  the  arma- 
ment, and  the  rigging,  &c. 

With  respect  to  the  form  of  the  hull  they  remark,  '^  The  art  of  con- 
struction, like  all  other  arts,  follows  the  particular  disposition  of  times  and 
geniuses. 

^^  It  is  but  twenty-five  years  ago  that  the  80-gun  ship,  the  three-decked 
ship,  and  even  the  fiigate  of  M.  San^,  appeared  to  unite,  in  the  circum- 
stances of  that  time,  almost  all  the  nautical  conditions  that  were  desirable. 
Since  that  period,  however,  more  armament  has  been  wanted,  more  water 
and  provisions,  more  men,  and  more  space  on  board.  Hence,  it  has  resulted, 
that  the  problem  of  construction,  which  had  been  much  advanced  by  that 
able  constructor  and  his  predecessors,  is  even  now,  to  a  certain  extent  as  it 
were,  referred  to  the  results  of  experiments ;  which  must  explain,  at  some 
time,  what  had  been  unavoidably  the  subject  of  mere  conjecture.  It  was 
known,  for  instance,  that  the  old  80-gun  ship  sailed  and  performed  her 
evolutions  well ;  that  was  a  fiict  of  long  experience.  But  it  cannot  yet 
be  known  with  equal  certainty  that  a  90-gun  ship,  built  after  the  same 
construction,  will  possess,  in  the  same  degree,  the  same  combined  advan- 
tages, with  others  requisite  to  this  class  of  ships. 

*^  If  we  are  in  this  condition,  it  is  probable  that  the  English  are  at  the 
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same  point  with  ourselves.     It  is,  in  eflfect,  with  them  as  it  is  with  us,  an 
epoch  of  transition/' 

Now  all  this  confesses,  that,  according  to  the  judgment  of  the  members 
of  this  commission,  there  existed  at  that  time  no  complete  standard  or 
model  of  excellence  of  well  tried  qualities,  in  either  of  the  navies.  Hence 
the  necessity  of  proceeding  cautiously,  in  making  deductions  from  facts  of 
excellence  or  inferiority  which  came  under  their  consideration,  was  suffici- 
ently apparent.  The  long  experience  of  essential  excellence,  admitted  by 
the  English,  as  well  as  recognized  by  themselves,  of  their  ships,  indicated 
the  propriety  of  examining  first  what  were  the  circumstances  which  affected 
their  sailing  qualities,  before  allowing  the  expediency  of  any  innovation 
which  might  interfere  with  the  established  system  of  construction.  They 
were  probably  led  to  this  conclusion  by  a  reference  to  the  fact,  that  the 
sailing  qualities  of  many  of  their  ships  had  materially  improved  after  they 
had  gone  into  the  management  of  other  hands :  for  they  say,  "  K  the 
floating  ship  is  often  found  to  accomplish  her  final  destination  better  else- 
where than  with  us,  it  is  probable  that  we  must,  in  order  to  account  suffici- 
ently for  this  fact,  have  special  reference  to  other  causes  than  those  which 
are  deduced  from  the  form  of  the  body.'' 

"  It  would  be  difficult,"  thev  say,  "  to  establish  an  invariable  rule  of 
comparison,  and  to  say,  for  example ; — all  the  English  ships  have  a  greater 
breadth  than  ours;  although  the  tendency  to  this  modification  may  be 
sufficiently  general  in  the  British  navy,  especially  in  ships  of  inferior  rates. 

"  This  greater  breadth  is  found  in  English  construction,  amongst  other 
ships,  in  the  92  (54-33  feet)  compared  with  oiu*  90,  new  construction  (53*47 
feet) ;  in  the  80  (52-03  feet),  French  86,  old  80  (51-89  feet) ;  in  the  50-gun 
raz^e  (48-49  feet)  compared  with  our  frigate  of  60  guns  (47*57) ;  in  the 
frigate  of  46  guns  (40-25  feet)  compared  with  our  frigate  of  44  (40*02 
feet) ;  in  the  razeed  frigate  of  26  (38*48  feet)  compared  with  our  corvette 
of  32  (36*02  feet) ;  in  the  corvette  and  brig  of  18  (30*84  feet)  compared 
with  our  large  brigs  of  20  (29-41  feet). 

"  This  greater  breadth  is,  on  the  contrary,  foimd  in  the  French  construc- 
tion of  our  120  (55-31  feet),  and  even  of  our  100,  after  the  new  model 
(54-95  feet),  compared  with  the  English  120  (54-43  feet) ;  In  the  74— 
French  82-yun  ship,  old  T^^gunship  (49*17  feet),  English  ship  of  7 Ai  guns 
(48*16  feet) ;  in  the  52-gun  frigate  (45*21  feet),  English  52-gun  frigate 
(4416  feet);  in  the  corvettes  of  24  and  32  guns  (32-61  feet,  and  36*02 
feet)  compared  with  the  English  28-gun  corvette  (31*82  feet). 

"  If,  however,  it  were  required  to  generalise  the  expressions,  to  obtain 
an  idea  of  the  elements  of  the  two  systems,  it  could  be  said  only  that  the 
English  ships,  taken  as  a  whole,  have  the  following  differences : 

"They  are  not  so  long  as  ours,  with  a  tendency  to  greater  breadth, 
which  may  make  them  appear,  on  the  broadside  to  us,  more  powerful  j 
They  have  a  greater  height  of  ports ; 
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''  Their  mean  draught  of  water^  in  comparison  with  that  of  oon,  is 
variable ; 

"  Their  area  of  the  section,  at  the  line  of  flotation,  is  equal  or  greater ; 

^'  Their  area  of  the  midship  section  is  less  in  the  large  ships,  which  would 
indicate  that  they  have  a  less  resistance  of  fluid  to  overcome ; 

'^  Their  displacement  is  less ;  though  in  the  mean  it  is  very  sensibly 
approaching  to  that  of  ours :  their  centre  of  gravity  of  the  body  is  gene- 
rally higher/' 

'^  If  the  ships  of  each  kind  be  more  exactly  compared  amongst  them- 
selves, the  foUowing  data  will  be  obtained : — 

"  Ship  of  80  guns.  Ours  (old  construction)  have  less  length  and  breadth, 
and  a  greater  draught  of  water  j  their  area  of  flotation  is  a  little  greater, 
but  the  solid  of  immersion  is  greater  also ;  lastly,  the  centre  of  gravity  of 
the  body  is  at  a  greater  distance  from  the  water-line.  These  various  causes 
diminish  the  amount  of  stability  dependent  on  the  form  of  the  body :  it 
may  then  be  perceived  that  this  must  be  obtained  by  means  of  a  greater 
quantity  of  ballast. 

"  The  area  of  the  midship  section  is  greater. 

'^  K  the  bodies  were  alike,  it  might  be  supposed,  without  much  error, 
that  the  resistance  which  the  fluid  opposes  to  their  movement,  would  be  in 
proportion  to  the  area  of  the  greatest  transverse  section.  This  likeness 
does  not  exist ;  nevertheless  the  comparison  of  the  areas  of  midship-section 
may  assist  in  judging  on  which  side  there  are  the  greater  chances  of  sailing. 

"  Ship  of  74  guns,  Ours^  in  spite  of  their  dimensions  in  length  and 
breadth  being  a  little  greater,  have  a  smaller  area  of  flotation ;  the  solid  of 
immersion  is  also  in  truth  a  little  less ;  but  it  must  be  observed  that  our 
74s  have  often  gone  out  with  a  draught  of  water  of  almost  twenty-three 
feet,  and  that  then  their  solid  of  immersion  exceeded  that  of  English  ships. 
Their  stability  of  form  becomes,  in  that  case,  less  than  in  the  last.  Our 
area  of  midship  section  is  greater. 

"  Frigate  of  44  guns.  There  is  found  in  ours  a  greater  length  and  a 
Httle  less  breadth,  but  also  less  draught  of  water ;  the  area  of  flotation  is 
greater,  and  that  of  the  midship  section  ia  equal.  These  frigates  possess 
excellent  qualities,  whenever  the  draught  of  water  which  was  designed  for 
them  is  not  exceeded. 

"  The  ships  which  have  just  been  examined  are  those  of  M.  San^,  which 
combine,  in  a  high  degree,  almost  all  nautical  qualities,  when  the  weights 
are  not  greater  than  those  which  were  estimated  in  the  design. 

''  If  the  dimensions  of  the  new  constructions,  English  and  French,  be 
placed  together,  the  following  results  will  be  obtained : — 

"  French  ships  of  ninety  guns,  such  as  the  Suffiren,  compared  with  the 
London  of  ninety-two. 

''  The  London  is  longer,  broader,  has  greater  height  of  ports,  a  greater 
area  of  flotation,  and  displaces  more  water  than  the  Suffren. 
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*'  The  French  ship  has  a  greater  draught  of  water,  and  a  greater  area  of 
midship  section ;  and  the  distance  from  the  centre  of  gravity  of  the  body 
to  the  line  of  flotation  is  also  greater. 

''Our  lOO-gnn  ship,  compared  with  the  London,  has  very  nearly  the 
same  length,  a  little  less  breadth,  greater  draught  oi  water  and  displace- 
ment, a  greater  height  of  ports,  less  area  of  flotation,  and  a  greater  area  of 
midship  section.  The  distance  from  the  centre  of  gravity  of  the  body  is 
greater  in  the  ship  of  100  gons  than  in  that  of  92. 

"  A  new  50-gun  frigate  (the  Vernon),  in  respect  of  which  opinions  do 
not  agree,  has  a  little  less  length  than  our  60-gun  frigate,  with  rather  more 
beam  than  our  80 ;  her  draught  of  water  and  her  solid  of  immersion,  come 
near  to  those  of  our  74 ;  the  height  of  her  ports  is  greater  than  in  any 
other  ship  of  the  two  nations ;  her  area  at  the  water-line  is  greater,  and 
that  of  the  midship  section  less,  than  in  our  74. 

"  The  hi-gun  frigate.  We  shall  find  in  ours  a  length  about  equal ;  much 
greater  breadth ;  a  greater  area  at  the  line  of  flotation ;  and,  lastly,  in  spite 
of  a  greater  solid  of  immersion,  and  of  the  centre  of  gravity  of  displace- 
ment being  farther  from  the  line  of  flotation,  the  metacentre  is  found 
higher.    The  area  of  the  midship  section  is  a  little  greater. 

''Our •corvettes  of  24  guns,  after  the  designs  of  the  Creole,  have  an 
advantage  over  the  English  28-gun  corvettes,  in  a  greater  breadth,  a  less 
draught  of  water,  a  greater  area  of  flotation,  a  less  solid  of  immersion,  less 
area  of  midship  section,  and  in  the  centre  of  gravity  of  displacement 
approaching  nearer  to  the  load- water  line.  The  Creole,  according  to  the 
report  of  the  sailing,  was  the  best  ship  in  the  French  division ;  but  this 
corvette  required  to  be  trimmed  exactly  to  her  water-lines.'* 

The  variableness  of  the  results  of  comparison  conducted  the  commission 
to  the  inference,  that  there  was  some  other  cause  of  inferiority  of  sailing 
in  the  French  ships ;  and  this  inference  was  confirmed  by  the  fact,  that 
some  ships,  which  were  originally  good  sailers,  were  subject^  in  a  short  time, 
to  great  deterioration  is  their  qualities. 

''  Let  us  examine,'*  they  say,  "  the  causes  to  which  this  loss  of  sailing  of 
our  ships  is  generally  attributed :  these  are  what  are  most  commonly  placed 
first,  and  to  which  the  correspondence  which  we  have  under  our  eyes  makes 
the  most  frequent  allusion. 

''  Ist.  Their  forms  soon  alter,  as  the  effect  of  breaking,  occasioned  by 
the  excess  of  weights,  by  a  deficiency  of  support,  or  by  an  increase  of  body 
forward ; 

''2nd.  Their  water-lines  alter  too  perceptibly,  in  consequence  of  the 
emersion,  according  as  the  provisions  are  consumed ; 

"  3rd.  Their  sheathing  too  thin,  and  often  badly  put  on  at  the  beginning, 
is  no  longer,  in  the  course  of  our  ordinary  practice,  the  object  of  an  atten- 
tion sufficiently  constant,  as  to  the  inspection,  the  repair,  and  the  renewing 
of  it  in  proper  time. 

s2 
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"  It  appears  that  we  must  in  general  pass  condemnation  on  what  relates 
to  our  sheathing."  And  with  respect  to  the  French  ships  in  connection 
with  the  EngUsh  under  Admiral  Malcolm,  both  Admiral  Ducrest  of  the 
French  squadron^  and  the  respective  captains  of  the  ships^  attributed  their 
inferiority  of  sailing  principally  to  the  foul  or  defective  state  of  the  copper 
sheathing ;  and  the  commission  concurred  in  that  opinion. 

But,  independently  of  the  state  of  the  copper,  there  were  other  causes  to 
which  the  bad  sailing  of  some  ships  appeared  to  be  justly  attributed ;  such 
as  the  great  alteration  in  the  water-lines  resulting  from  the  consumption 
of  provisions  and  stores ;  the  bad  cut  and  position  of  the  sails,  and  the  bad 
materials  of  which  they  were  made.  In  reference  to  the  first  of  these 
causes  the  commissioners  say^ ''  We  read  in  the  reports  of  the  commander 
of  the  Melpomene,  that  that  frigate,  which  in  her  trim  at  the  load-water  line 
sails  probably  as  well  as  any  ship,  either  French  or  foreign,  loses  her  way, 
and  becomes  lecwardly  after  several  months'  consumption  of  provisions. 

"  Here  is  probably  something  to  do,  and  some  modification  to  seek  in 
the  new  designs,  so  that  the  ships  may  again  enjoy  all  their  advantages  in 
a  mean  trim,  and  even  further. 

"  As  to  the  supposed  alteration  of  the  forms  attributed  to  breaking,  it 
must  be  allowed  that  if  this  cause  existed  in  our  old  ships^  it  appears  to 
exert  only  an  insensible  influence  on  those  of  the  new  construction. 

"  It  is  generally  thought  that  the  English  have  known  how  to  improve 
the  sailing  of  most  of  the  French  sbips  which  the  chances  of  war  have 
thrown  into  their  hands :  it  has  often  happened  that  their  best  sailers  have 
been  found  to  be  of  French  origin,  and  this  appears  to  be  the  case  at  the 
present  day  in  respect  of  the  Donegal,"^  one  of  the  ships  of  the  combined 
squadron. 

"  It  appears  that  they  have  obtained  this  result  of  sailing  particularly  in 
our  old  frigates,  by  hghtening  their  armament,  reducing  the  length  of 
their  masts,  diminishing  proportionably  their  ballast,  and  increasing,  in  a 
remarkable  manner,  the  depth  of  their  false  keel." 

The  system  of  masting  the  French  ships,  it  was  observed,  differed  mate- 
rially from  that  which  prevailed  in  the  English  navy;  the  masts  being 
considerably  longer,  the  centre  of  effort  of  the  sails  was  of  course  at  a 
higher  point,  whilst  the  tendency  of  the  ships  to  a  less  breadth,  and  the 
mast-heads  being  shorter,  they  would  have  less  support ;  but,  at  the  same 
time,  when  the  stability  of  the  ship  became  reduced  by  the  consumption  of 
provisions  and  stores,  it  was  not  sufficient  to  bear  the  quantity  of  canvas, 
in  connection  with  the  great  weight  of  masts,  that  was  necessary  to  fast 
sailing. 

We  quote,  however,  from  the  report,  the  following  observations  on  the 
comparative  mastings  of  French  and  English  ships : — 

*  The  Donegal  was  taken  in  the  bay  of  Donegal,  in  1798.    Length  on  deck  182; 
breadth  extreme  48  feet  9  inches ;  depth  in  hold  21  feet  10  inches  ;  burthen  in  tons  1901. 
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''  Our  masts  are  generally  longer  than  those  of  the  English.  The  dif- 
ference in  them  exists  altogether  in  the  lower  masts,  the  topmast^  and  the 
top-gallantmast^  which  amongst  ns  has  a  pole  represented  by  the  33  or  the 
40  hundredths  of  the  mast.  The  absolute  length  of  this  pole  amongst  the 
English,  appears  from  imperfect  directions  drawn  up  in  Edye,  not  to  be 
sensibly  diiGFerent  from  ours. 

*'  Our  bowsprits  come  nearer  to  those  of  the  English^  and  sometimes 
they  are  even  shorter. 

"  To  obtain  more  easily  a  clear  idea  of  the  absolute  length  of  the 
principal  masts^  let  it  be  imagined  for  an  instant  that,  excepting  the  heads, 
they  are  placed  together  end  to  end,  but  only  to  the  stops  of  the  top- 
gallantmast, — the  three  masts  which  compose  all  the  system,  for  example, 
of  the  mainmast ;  that  of  our  120  would  exceed  by  nearly  eighteen  feet  the 
mainmast  of  an  English  120.  This  difference  will  be  more  than  eight  feet 
for  the  80,  and  almost  as  much  for  the  74.  Our  corvette  of  32  is  almost 
as  heavily  masted  as  the  English  frigate  of  46.  Our  60-gun  frigate  has 
more  mast  than  a  French  74,  and  even  almost  as  much  as  an  English  80. 
The  mast  of  our  44-gun  frigate  is  14*76  feet  longer  than  the  mast  of  the 
English  frigate  of  46  guns. 

'^  If  the  heads  be  not  excepted,  the  differences  of  length  will  become 
yet  more  sensible,  those  of  EngUsh  ships  being  sometimes  greater  than 
ours,  even  for  our  new  masts,  which  have,  however,  given  woy  to  important 
alterations. 

"  In  effect,  the  heads  of  our  old  masts  are  from  10  to  14  hundredths  of 
their  lengths,  and  the  new  from  14  to  15.  Amongst  the  English,  it  appears 
to  be  from  12^  to  16^:  that  is  to  say,  greater  even  than  in  our  ships  of  the 
new  construction,  for  the  two  principal  lowermasts ;  equal  for  the  mizen- 
mast  and  the  topmasts ;  a  little  inferior  for  only  the  mizen-top-gallantmast. 

"  Our  lowermasts  and  our  topmasts  have  generally  a  greater  absolute 
diameter  than  those  of  the  English.  There  is  more  variation  in  point  of 
absolute  diameter  in  the  top-gallantmasts ;  generally,  however,  ours  are 
the  greater. 

'^  Our  principal  yards  are  in  general  longer  and  larger  than  those  of 
English  ships. 

"  There  are  some  varieties  in  the  top-gallant-yards.  The  cross-jack- 
yard  of  the  English,  and  their  main-topsail-yard,  are  the  most  often  per- 
fectly equal. 

"  It  follows  fit)m  these  facts,  which  are  themselves  determined  from 
numbers  of  comparisons,  that  the  masts  of  our  ships  are  sensibly  longer 
than  those  of  the  English ;  whilst,  on  the  contrary,  the  heads  may  be  cosh 
sidered  shorter  for  our  old  m^sts,  and  even  likewise  for  the  mainmast  and 
foremast  in  our  new  constructions. 

"  With  greater  entire  length  and  less  head,  it  is  evident  that  our  masts 
are  more  difficult  to  support,  that  is  to  say,  less  strong  than  those  of  the 
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English,  espedallj  firom  our  old  tendency  to  give  less  breadth  than  they, 
to  our  ships. 

*'  Further,  our  masts  being  longer,  larger,  and  consequently  heavier, 
operate  against  the  stability,  all  other  things  being  equal;  now,  in  many 
English  ships,  some  of  the  conditions  of  stability,  owing  to  the  form  of 
the  bottom,  are  foimd  to  be  more  favourable  than  in  our  ships.  Our  shipa 
will  then  sometimes,  from  this  cause,  be  less  able  to  carry  sail. 

^' As  to  the  relative  strength  of  the  two  systems  of  pieces  of  mast,  con- 
sidered separately,  it  is  shown  that  if  the  relation  of  the  diameters  of  masts 
and  yards  to  their  lengths  be  expressed  in  thousandth  parts,  the  English 
generally  give  more  of  these  parts,  that  is  to  say,  a  greater  relative  diame- 
ter than  we,  to  the  mainmast  and  to  the  top-gallant«yards.  This  relation 
is  variable  for  the  foremast;  it  is  less  amongst  them  for  the  bowsprit  and 
the  lower-yards ;  almost  equal  in  the  two  navies  for  the  topmast  and  topsail- 
yards  :  the  system  of  the  main  and  fore-topmasts  having  always  with  them, 
and  most  commonly  with  us,  the  same  diameter.  Thus,  fiom  these  data, 
and  in  proportion  to  their  length,  our  mainmasts  and  top-gallantmasts  and 
yards  would  be  generally  weaker  than  those  of  the  English ;  the  bowsprit 
and  lower-yards  would,  on  the  contrary,  be  found  stronger  in  our  navy ; 
there  would  be  almost  an  equality  of  strength,  in  the  two  navies,  in  the 
topmasts  and  topsail-yards ;  and,  as  to  the  foremasts  and  mizenmasts,  the 
relation  would  be  variable. 

'^  The  general  opinion  of  our  nautical  men  is,  that  our  old  masts  are  too 
taimt,  and  that  we  have  not  always  avoided  this  inconvenience  in  our  ships 
of  the  new  construction ;  they  wish  then,  that  some  reductions  in  height 
may  be  studied  and  tried,  the  diameters  of  the  principal  masts  and  yards 
remaining  as  they  are.  Such  is  also  the  advice  of  the  (Commission.''  ^^  It 
is  known  that  our  frigates,  taken  by  the  English,  underwent  corrections  of 
this  nature.  It  is  equally  an  attempt  of  this  kind,  which  was  made  at 
Brest,  in  1821,  upon  the  Ckopdtre  frigate;  an  attempt  which  was  decisive.'' 

Since  the  lengths  of  masts  and  yards  of  French  ships  are  greater  than 
they  are  in  English  ships,  it  follows,  that  the  area  of  their  sails  must  be 
greater  likewise.  The  results  of  comparisons  shown  in  this  report,  prove 
that  it  is  so. 

In  speaking  of  the  sails  of  the  French  and  English  ships,  the  Commis- 
sion say,  '^  The  difference  of  surface  for  the  principal  sails  is  always  very 
perceptible,  and  it  is  often  considerable.  For  example,  it  amounts  to 
nearly  one-sixth  in  our  44-gun  firigate,  compared  with  that  of  46;  and 
the.  sails  of  the  English  28-gun  corvette  are  hardly  more  than  two-thirds 
of  those  of  the  French  32-gun  corvette,  which  nearly  corresponds  with  its 
force  in  the  classification  of  ships,  and  which  |^is  as  much  sail,  within  about 
one-tenth,  as  the  English  46-gun  frigate. 

'^  In  the  corvettes  of  32  and  28  guns,  the  solids  of  unmersion  would 
be  nearly  as  the  numbers  47  and  36,  whilst  the  areas  of  sail  would  be  as 
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56  and  38.  The  height  of  the  centre  of  effort  above  the  plain  of  flotation 
is  62*33  feet  in  the  French  corvette,  and  50-46  feet  in  the  English  corvette, 
the  mean  draught  of  water  differing  only  a  little  less  than  two  inches. 

''  The  relative  areas  of  sail,  amongst  ships  of  the  same  rate,  in  the  two 
countries,  are  very  variable.  It  may,  however,  be  said,  in  a  general  way, 
that  the  English  give  us,  that  is  to  say,  ordinarily  allow  us,  an  excess  in 
the  surface  of  sail  almost  equivalent  to  that  of  their  top-gallantsails,  which 
may  represent  a  fifth  or  a  sixth  of  the  sails  of  each  rate. 

'*  This  difference  is  from  the  lower  sails  between  our  corvette  of  32  and 
the  English  corvette  of  28  guns.*  The  area  of  sail  of  this  same  28-gun 
corvette  is  less  than  that  of  our  corvettes  of  24  guns,  by  almost  the  double 
of  her  top-gallantsails. 

"  The  distribution  of  the  sails  presents  the  following  differences :  The 
area  of  the  topsails  taken  together  is  greater  than  that  of  the  courses  in 
many  of  our  ships,  such  as  the  80,  the  74,  the  corvette  of  32,  and  the 
corvette  of  24.  It  is  generally  the  contrary  with  the  English ;  and  we 
know  of  no  other  exceptions  to  this  rule  than  their  120-gun  ship  and  their 
52-gun  frigate. 

^'  If  we  compare  partially  the  sails  of  our  ships  and  of  the  English  ships 
with  their  total  areas  respectively,  our  top-gallantsails  will  exceed  those  of 
the  English  ships  by  27  thousandths ;  our  topsails  will  exceed  the  English 
topsails  by  4  thousandths ;  and  the  lower-sails  of  the  English,  on  the  con- 
trary, will  exceed  those  of  oiurs  by  32  thousandths. 

^'  That  distribution  of  sails,  so  different  from  ours,  combined  with  the 
shortening  of  the  masts,  contributes  much  to  the  lowering  of  the  centre  of 
effort,  and  thus,  it  cannot  but  be  favourable  to  the  stability  of  the  English 
ships,  without  speaking  of  the  advantages  which  result  besides,  from  a  very 
great  Hghtness  of  their  canvas. 

''  If  we  compare  the  area  of  the  sails  with  that  of  the  midship  section, 
the  advantage  will  appear  to  be,  theoretically,  on  our  side :  for  our  ships 
have  a  greater  area  of  sails  in  comparison  of  the  midship  section,  than 
English  ships.  For  example,  these  relations  for  our  corvettes  of  32  and  24 
guns,  compared  with  the  English  corvette  of  28,  are  represented  by  the 
numbers  38,  42,  and  30. 

"  We  have  just  seen  that  our  32-gnn  corvette  has  one  tier  of  sails  more 
than  the  English  corvette  of  28  guns,  and  that  the  relations  of  the  areas 
of  the  sails  to  those  of  the  midship  sections  in  the  two  ships,  are  expressed 
by  the  numbers  30  and  38,  that  is  to  say,  that  the  area  of  sail  in  the 
French  corvette  contained  thirty-eight  times  the  area  of  the  midship 
section,  whilst  the  area  of  the  midship  section  in  the  English  corvette  was 
contained  only  thirty  times  iu  the  area  of  her  sails.     Hence  it  might  be 

<<  *  Difference  of  the  area  of  sails  between  the  two  corvettes,  4606*88  feet." 
"Area  of  the  lower-sails  of  the  28-guii  corvette,  4541*4  feet." 
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concluded^  supposing  that  in  the  tiro  ships  the  stability  were  proportioiied 
to  the  system  of  sail^  that  the  corvette  of  32  guns  would  sail  better  than 
the  English  corvette  of  28  guns.  The  contrary  to  this  takes  place,  as  we 
learn  from  the  report  of  captain  Le  Boy,  who,  sailing  with  a  fresh  wind 
from  the  N.E.,  the  sea  heavy,  with  two  or  three  reefs  in  her  topsails,  in 
company  with  two  English  corvettes  of  26  and  28  guns,  fell  immediately 
to  leeward,  and  remained  behind.  Notwithstanding  this,  the  Ariane  had 
as  much  sail  as  she  could  carry,  and  laboured  much,  in  spite  of  her  three 
reefs  taken.  The  corvette  of  26  had  as  many  reefe  as  the  Ariane :  that  of 
28  had  only  two  reefs. 

"  This  fact,  in  connection  with  all  that  has  been  already  said,  allows  us 
to  insist  on  the  real  disadvantage  that  may  result  from  oar  system  of  masts 
and  sails,  compared  with  the  stability  of  many  of  our  ships,  which  does 
not  appear  to  be  sufficiently  strong  in  many  circumstances  of  sailing,  for 
the  sail  wliich  ought  to  be  carried." 

After  having  stated  the  nature  of  the  defects  arising  from  the  inferior 
quahty  of  the  canvas,  which  allows  it  to  stretch,  not  only  beyond  the 
proper  dimensions,  but  also  into  irregular  shapes,  so  that  the  sails  could 
not  be  trimmed  for  the  wind  to  impinge  to  the  best  advantage  upon  them ; 
and  likewise  from  the  acknowledged  bad  cut  of  the  sails  originally,  the 
Commission  say  :  ^'  It  appears  desirable  to  study  anew  the  cut  of  our  sails, 
with  a  view  to  correct  the  data,  fr^m  experience  and  from  the  remon- 
strances of  seamen,  under  the  threefold  relation  of  the  surface  of  the  sails, 
their  figure,  and  the  iiniformity  of  the  outline." 

The  preceding  observations  and  quotations  show  what,  according  to, 
perhaps,  the  best  opinions,  formed  from  the  most  ample  sources  of  infor- 
mation, were  the  chief  points  and  circiwistances  of  difference  and  of 
inferiority  of  the  French  ships  of  war,  compared  with  those  of  England. 
Other  circumstances  were  recognised  as  means  of  impairing  the  qualities  of 
their  ships, — as  the  disposition  of  weights,  being  too  large  a  proportion  of 
them  in  the  upper  parts,  the  position  of  the  masts,  the  condition  of  the 
rigging,' &c. ;  but  it  may  be  sufficient  to  have  noticed  those  which  relate 
the  most  directly  to  the  profession  of  the  naval  architect. 

The  investigation  of  the  French  commissioners  was  conducted  on  a 
sounder  and  more  useful  plan  than  has  yet  formed  the  basis  of  any  such 
inquiry  into  the  state  of  our  own  navy ;  it  was  much  more  analytical,  whilst 
the  elements  of  comparison  were  examined  with  great  exactness.  Sufficient 
analysis  is  essential  to  fair  and  satisfactory  comparison  ;  for  generalization 
on  such  a  subject  as  this  amounts  to  nothing  without  it.  And  although 
many  detached  facts  may  be  brought  to  bear  on  the  subject  in  constructing 
designs,  yet  they  cannot  bear  so  high  a  value  in  their  separate  and  isolated 
state  as  they  would  bear  in  forming  the  elements  of  comprehensive  gene- 
ralization, because  the  inferences  deduced  from  them  cannot  be  known  so 
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certainly  in  one  case  as  in  the  other.  But  this  certainty  is  necessary^  and 
it  is  also  attainable^  since  the  ships  of  our  navy  are  sufficiently  numerous 
for  the  object,  and  may  be  brought  into  any  analytical  comparison  which 
the  claims  of  science  demand.  Why,  then,  has  not  this  been  done  for 
improving  the  British  navy,  as  well  as  for  improving  that  of  France  ?  It 
is  probable  that  a  reply  might  be  found  in  the  fact,  that  the  afiairs  of  this 
branch  of  government  have  not  been  conducted  on  a  sufficiently  enlightened 
policy.  Knowledge  which  could  have  been  obtained  by  such  means,  would 
have  been  useM  only  to  expose  existing  error, — not  to  correct  it, — ^before 
the  restriction  of  tonnage  was  removed ;  for  that  was  a  bar  to  the  improve- 
ments which  such  knowledge  would  have  sought  to  introduce.  Since  1832, 
a  short  period  only  has  elapsed  in  which  the  supremacy  of  a  system  of  con- 
struction, resting  rather  upon  opinions  than  upon  science,  made  that  class 
of  information  which  might  be  gathered  from  the  source  now  under  notice, 
almost  as  useless  as  it  was  before.  Under  both  of  these  preceding  condi- 
tions of  our  naval  administration,  the  way  to  general  improvement  waa  not 
open,  although  it  might  be  indicated ;  this  way  has,  however,  been  gradu- 
ally opening  since  1841 ;  and  some  results  which  have  been  admitted  go 
far  enough  to  prove,  that  liberty  and  encouragement  would  surely  bring 
the  improvement  which  has  been  wanted  for  ages,  but  which  has  not  until 
now  been  attainable.  It  is  yet  with  us,  as  it  was  described  in  the  French 
report  to  be,  "an  epoch  of  transition.'^  With  a  sensible  movement  towards 
perfection,  there  is  an  obvious  uncertainty  as  to  the  countenance  or  check 
which  may  be  given  to  this  progress.  To  a  great  extent,  the  navy  requires 
to  be  formed  on  better  models ;  and  there  is  talent  enough  in  the  service 
to  collect  and  apply  information  so  far  as  to  realize  the  improvement,  which 
would  leave  room  for  little  doubt  as  to  the  general  character  of  ships  of  all 
classes.     But  will  the  country  avail  itself  of  this  talent  ? 

Merely  practical  qualifications  in  designing  ships  have  been  tried  in  our 
service,  and  found  wanting.  The  surveyors  of  the  navy  were  good  practical 
shipbuilders,  without  scientific  knowledge.  Even  their  modes  of  calculating 
the  contents  of  a  ship's  body,  &c.,  were  formerly  rude  and  clumsy,  in  com- 
parison of  those  which  science  has  now  shown  to  be  better  suited  to  the 
purposes.  But  yet,  with  aU  their  disadvantages,  a  soimd  judgment,  and 
soUd  practical  knowledge  of  their  profession,  kept  them  &om  falling  into 
serious  mistakes  in  forming  their  designs  for  ships ;  and  although  this  sort 
of  qualification  is  not  sufficient  of  itself  to  obtain  the  highest  degree  of 
excellence,  yet  it  can  never  be  safely  dispensed  with,  whatever  may  be  the 
theoretical  talents  of  a  constructor.  If  the  surveyors  formerly  adopted  the 
forms  of  foreign  ships,  in  many  cases,  instead  of  aiming  at  originaUty  of 
design,  the  choice  of  models  generally  expressed  the  soundness  of  their 
judgment  in  this  respect ;  and  they  paid  only  a  rational  deference  to  the 
superior  genius  and  accomplishments  of  foreign  constructors,  which  it  has 
always  been  deemed  creditable  to  evince.     If  practical  knowledge  were 
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sufficient  to  cany  on  improvement  in  ship-building,  then  this  improvement 
might  have  advanced  under  the  administrations  whose  operations  they  had 
to  control ;  for  so  far  as  practical  knowledge  would  realize  a  progress^  the 
opportunities  were  presented  from  the  beginning  of  the  revolutionary  war, 
except  that  they  were  bound  by  the  restriction  of  limited  tonnage.  The 
ships  they  built  were  commonly  what  they  were  intended  to  be  in  their 
capabilities  for  service :  they  were  not,  it  is  true,  excellent  sailers,  but  they 
could  always  be  depended  on,  with  but  few  exceptions,  for  performing 
their  evolutions ;  were  able  to  keep  the  sea  during  long  periods  of  arduous 
service  in  blockading;  and  they  were  efficient  ships,  in  regard  to  the 
qualities  which  were  necessary  in  going  into  and  sustaining  an  action. 

The  period  in  which  the  strictly  partial  qualifications  of  the  old  system 
could  be  thought  sufficient,  in  filling  the  responsible  post  of  surveyor  of  the 
navy,  has  passed  away.  The  nation  looks  now  with  a  more  piercing  eye 
into  the  several  departments  of  government ;  and  whilst  progress  is  exhi- 
bited almost  everywhere  else,  it  would  be  unreasonable  to  expect  that  the 
eye  of  cold  indifference  should  rest  with  apathetic  satisfaction  on  the  pro- 
ceedings of  a  department  which  has  to  do  with  the  proper  defensive  power 
of  the  nation  and  its  dependencies. 


The  following  Tables  show  with  what  elaborate  care  the  investigation  of 
causes  was  conducted  by  the  French  Commission.  As  we  are  accustomed 
to  judge  of  ships,  as  well  as  of  most  other  things,  rather  relatively  than 
absolutely,  it  is  evident  that  inquiry  into  the  causes  of  numerous  effects 
exhibited  in  the  performances  of  ships,  must  begin  by  the  most  general 
view  of  the  subject ;  the  widest  range  of  analysis  ought  to  be  only  the 
first  step  towards  improvement ;  for  it  would  be  strange  to  think  of  reaching 
any  important  result  by  one  process  of  that  sort,  since  the  numerous  elements 
exhibited  in  the  analysis  require  to  be  dealt  with  in  detail.  We  observe, 
for  instance,  that,  besides  dissimilarity  in  what  is  essential  in  different 
ships^  and  in  their  masts,  yards,  and  sails,  the  weights  put  on  board  of 
them  differ  considerably.  The  armament  and  other  things  put  on  board 
of  a  French  fijrst-rate,  exceed,  by  nearly  six  hundred  tons,  the  weight  of  the 
effects  put  on  board  of  an  English  first-rate ;  and  yet  the  draught  of  water 
is  nearly  alike.  There  is  a  tendency  in  the  French  ships  to  carry  more 
ballast  than  the  English  ships  carry.  These  particulars  surest  questions 
on  which  the  principles  of  stowage  would  have  to  bear.  Whilst  the  ultimate 
improvements,  which  may  be  expected,  must  be  sought  in  an  extended 
course  of  analysis  and  induction,  the  character  of  the  first  step  is  exhibited 
in  the  following  Tables,  which  were  printed  in  the  Report  of  the  Frendi 
Commission. 
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FRENCH    SHIPS. 


RATBS. 


Ship  of  120  guns . . . 
Ship  of  90  guns  .... 
Ship  of  86  ffuna,  old 

SO-gon  anip 

Ship  of  82,  old  74  .. 
Frigate  of  6o  gun . . 
Frigate  of  SSguna.. 
Frigate  of  46,  old  44 

Corvette  of  32 

Ck»rTette  of  24 


Brigof  20giuu 


Ana  of  the 


Lower 

•aiUx 

Mainsail 

Foresail, 

Spanker. 


sq.  ft. 

12970.9 

12593 

11902 
10075 
11894 
10387.4 

8202.  S 

5328 

5166 
Foresail, 
Spanker. 

3337 


Toi 


TOp- 


Top< 

gallant- 
sails. 


sq.ft. 
15388 
13067 

12486 
11141 
10699 
9673 
7643 
6060 
5206 


8358 


sq.ft. 

5703 

5574 

5091 
4887 
4402 
3821 
8078 
2982 
2142 


1806 


Total 
Area. 


2.  ft. 
062 
31237 

28879 
26103 
26996 
28886 
18923 
14370 
12433 


8503 


Relation 


of  the 
lower 


of  the 
top- 
sails 


of  top- 
gallant 
sails 


to  the  sum  total. 


0-381 
0*403 

0-392 
0-886 
0*441 
0-435 
0*433 
0*371 
0-416 
Foresail, 
Spanker. 
0-392 


0*451 
0*418 

0*432 
0*427 
0-396 
0-405 
0*404 
0*422 
0-418 


0-805 


0*168 
0*179 

0176 
0*187 
0163 
0*160 
0*163 
0-207 
0*166 


0*213 


Relation  of  the  Areas 


of  the 
lower 
sails 


of  the 
top< 


of  top- 
gallant 


Total. 


to  the  area  of  midship  section. 


11*6 
12-9 

12*1 

13-0 

16-7 

16*9 

16-5 

14-3 

17*5 
Foresail, 
Spanker. 

14-4 


13-7 

51 

13*4 

6*7 

18*3 

5*4 

14*2 

6*2 

15*1 

6*2 

15-7 

6-2 

15*4 

6*2 

16-2 

8*0 

17*6 

6-9 

14*5 

7*8 

30*4 
82-0 

30-8 
33*4 
38-0 
88-8 
38-1 
38-5 
42*0 


86-7 


ENGLISH    SHIPS. 


RATES. 

Ship  of  120  guns  ... 
Ship  of  80  guns  . . . . 
Ship  of  74  guns  .... 
B»Ue  of  50  guns  .  • 
Frigate  of  52  guns.. 
Frigate  of  46  guns . . 
Ras^d  frigate  of  id 
Corvette  of  28  guns  . 
Corvette  of  18  guns  . 


Brig  of  18  guns 
Brigof  10  ..... 


Mainsail 
Foresail, 
Spanker. 

9968 

11281 

9655 

11001 

9203 

7320 

7061 

4543 

4822 

Foresul, 

Spanker. 

2928 

2110 


10613 
10624 
9322 
9322 
9322 
6394 
6308 
3778 
8778 


2626 
1927 


3929 
3692 
3348 
3348 
3348 
2260 
2260 
1442 
1442 


1432 
958 


24510 
25597 
22325 
23670 
21873 
15974 
15629 
9763 
10043 


6966 
4995 


Mainsail 
Foresail, 
Spanker. 

0-406 
0*441 
0*423 
0*464 
0-421 
0*458 
0-452 
0-465 
0-480 
Foresail, 
(Spanker. 
0-419 
0-423 


0-433 
0-415 
0-417 
0*394 
0-426 
0*401 
0-403 
0-387 
0*876 


0-376 
0-385 


0-161 
0-144 
0150 
0*142 
0*153 
0141 
0145 
0148 
0-144 


0*205 
0*192 


Mainsail 
Foresail, 
Spanker 

9*6 

12*2 

13-2 

18-2 

16-0 

14-7 

16-0 

14-0 

191 

Foresail, 

Spanker. 

13-0 

14-0 


10*2 
11-4 
18*7 
15*4 
16*2 
12*9 
14*2 
11-7 
14*9 


11-6 
12*8 


6-3 
6*3 


23*5 
27-6 
31-5 
39-1 
38-0 
32*1 
35-3 
30*2 
39*7 


30*9 
33*1 


Relation  of  the  Diameters  of  Masts  to  their  Length. 


MASTS. 


Main-mast 

Fore-mast   

Misen-nuMt 

Bowsprit 

Bfain-top-mast  .. 

J 

Fore-top-mast.  < 
Mizen-top-mast. 


FRENCH    SHIPS. 


Ships  and  Fri- 
gates con- 
structed by 
M.  San^. 


0*026  to0027 
0-027  0*028 
0-024  0-026 
0043  0-045 
0-024     0-0255 


same  diameter 
as  the  main 
topmart. 

0.0215  0*024 


Ships  and  Fri- 
gates of  the 
new  construc- 
tion. 


0-027  toO*Q275  0-026 
0.027  0-028  0*027 
0-0245  0*026  0*024 
0*044  0-0455  0043 
0*025  0*025 

same  diameter)  ^ 
as    main-top- 
mast, or  0*025 
of  the  length.  I ) 
0*0225  0*025        0*023 


Corvettes. 


0024 
0*025 

0*039 
0*025 


[Same  diameter  as  > 
the  main-topmast  J 


Brigs. 


ENGLISH    SHIPS. 


Ships  and 
Frigates. 


Corvettes. 


)026toO*029  iU-024 to 0*0265 
D-025     00285;  0-024     0*0265 
0*024     0*026  0*024     0*025 
0*040     0*02430-040 
)-0245  0-026  0*0245  0*027 


0026  to  0-0285 
0*0265  0*0285 

0*0385  0*0445 
0*0255  0*027 


Same  diameter  as  the  midn-topmast,  ex- 
cept in  the  masts  of  the  jRoeer. 


Brigs. 


..       |0*023     0*024  0*023     0*025 

Relation  of  the  Diameters  of  Yards  to  their  length. 


Main-yard  

Fore-jard  ••■•.. 
Cross- jack-yard . . 
Main-topsail-yard 


Fore- topsail 


n.{ 


Miun-topsul'yard 
Main-topgal.-yard 

Fore*topgal.-yd.  < 

>fisen-topgal.-yd. 


0*020  toO*021 

0-020  0023 

0-0165  0-0175 

0*017  0-0195 

0*017  0*019 

0*0135  0-0145 

0-0135  0-0155 

0-0145  0*0165 

0-0146  0*017 


0*0205to0'0215 
0*021     0*022 

0018 

0018 

0*018     0*0185 

0-015     0*018 
0*015 

0*015 

0*015     0*016 


0*020 
0-020 
0*017 
0*0175 

0-0175 

0*015 
0*015 

0-015 

0*016 


1 


0-020 
0020 

0*0175 
samediam 


*019  to  0*090  0-019  to  0-022 

•016     0*0215  0*019     0*0235 

)-017     0-018  .00175  0*0185 


)*017     0*018 


as     main-  )*017     0*018  0*017 


topsail-yd. 


0016 
samediam 
as      main 
topgal.-yd 


>*0165  0*0175 
•016    0*017 


•0165  0*018 
•015     0*018 


0*0175 


{ 


0*0146 

0*017     0*0175 

0*0175  ;0*0185 

0*0155  0*018 


0-0175  to  0-019 

diam'Ssmatai-yd 

0*017     0*018 
same  diameter 
the  main- 
topsail-yard. 

0018  "0*0195 

{same  diam. 
asthemain- 
topgal.  yard 


Relation  of  the  Mast-heads  to  the  length  of  the  Masts. 


1brMn.insst  .■••..■•.... 

Ships  constructed 
by  M.  San^. 

Ships  of  the 
new  construction. 

English  Ships. 

014 
0145 
0*13  to  0*14 
0*12      0*13 
0-12      0-13 
0-105     014 

0*15 
0*15 
0*15 
0*14 
0*14 
014 

0*165 

0*165 

0*14 

014 

014 

0*125 

Fore-mast  •••.*••••>•• 

MiK#>n.maat   ..... . 

Main-top-mast 

Fore-top-roast 

Mixen-top-mast 

'  4 
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Len^h  and  Weight  of  the  Pieces  of  Ordnance  used  in  the  Ships  of  the  two  Nations. 


FRENCH    SHIPS. 

ENGLISH    SHIPS. 

Denomination  of  the  Pieoea. 

Length 
frt>m  the 
baae^ring 
and  ogee 

to  the 

Weight 

from  the 

Tablea. 

Denomination  of  Piecea,  New  Eatabliahment. 

In        1      In 
English.    French. 

Length. 

Weight. 

tranche. 

r                   1                1    feet. 

cwt. 
84 
60 
50 

qra.  lbs. 
0  0 
0  0 
0    0 

r36  pounder  long 

feet. 
9.593 

ewt.  qra.  Iba. 
69    0  19 

10  inches 
68  lbs. 

36      „        short 

8.835 

59     2  18 

r9.58 

63 

0    0 

• 

30      „        long 
30      „        short 

9.281 
8.064 

59    3    3 
51     1     2 

'S 

32 

29.64* 

9.497 

8.00 

6.42 

56 
48 
32 

0  0 
0  0 
0    0 

1 

24      „        long 

9.088 

49     1  12 

§ 

6.001 
5.33  ' 

25 

0    0 

24      ,f        short 

8.490 

43    0    9 

i 

f 9.497 

50 

e  0 

18      „        long 

8.526 

40    2  15 

u 

24 

22.06< 

9.00 
7.496 

47 
40 

2  0 
0    0 

18      »i        short 
.12      „ 
r36  pounder  rectifi^ 

8.038 
7.991 
5.951 

33    2    3 
28    3  16 
21     2  24 

18 
12 

16.67' 
11.11- 

[9.00 
8.00 
[9.00 
L 7.496 

42 

37 
34 
29 

2  0 
2  0 
0  0 
2    0 

1 

30      „ 

5.862 

21     2  20 

• 

s 

9 
^  6 

8.33 
5.52 

7.496 
6.00 

26 
17 

0  0 
0    0 

1 J 

24      „       rectifi^ 

5.156 

14    3  13 

r42 

38.90 

4.33 

22 

0    0 

o 

18      „ 

4.710 

11     1    9 

i 

32 
24 

29.64 
22.06 

4.00 
3.3 

17 
10 

0  0 
0    0 

L12      „ 

4.087 

7     2    0 

Ll2 

11.11 

2.667 

6 

0     0 

ON  STEAM  NAVIGATION. 

The  origin  and  progress  of  steam  navigation  are  interesting^  on  account 
of  the  great  advantages  which  society  obtains  from  the  use  of  the  steam- 
engine  in  propelling  ships  and  vessels.  These  advantages  are  so  numerous 
and  important^  that  the  employment  of  steam  power  in  navigation  may  be 
justly  ranked  amongst  the  most  valuable  applications  of  science^  by  which 
the  present  age  is  distinguished.  The  importance  of  steam  navigation  has 
increased  rapidly  within  a  brief  space  of  time;  and  still  new  benefits  are 
being  obtained^  as  the  rewards  of  the  zeal  and  enterprise  which  increase 
its  application.  It  has  been  used  chiefly  for  three  objects, — ^to  facilitate 
and  increase  social  intercourse,  to  promote  commerce,  and  to  aid  in  the 
operations  of  war.  To  the  first  and  second  of  these,  general  experience 
is  the  witness  of  its  advantage ;  but  the  advantages  of  the  third  have  been 
scarcely  tried ;  hence,  although  they  may  be,  as  they  certainly  are,  highly 
calculated  upon,  they  are  not  known  as  facts.  Humanity  may  entertain 
the  hope,  that  should  the  awfiil  horrors  and  animosities  of  war,  which  are 
now  slumbering,  be  revived  by  fresh  national  convulsions,  the  contemplated 
use  of  ste^m  navigation  may  diminish  those  horrors,  and  shorten  the  reign  of 
those  animosities.  It  may  be  used  as  a  means  of  inflicting  severe  calamities, 
if  it  be  employed  with  vigour ;  but  perhaps  it  may  also  hasten  on  the  crisis 
which  is  always  contemplated  in  the  wars  of  civilized  countries, — ^the  re- 
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storation  of  peace^  and  the  reco^ition  and  establishment  of  the  rights  of 
nations.  Still  it  is  to  be  hoped  that  the  rehitions  of  the  different  parts  of 
the  world  will  always  be  such^  as  to  give  an  incomparably  higher  degree  of 
importance  to  that  employment  of  it  which  relates  most  directly  to  the 
welfare  of  mankind,  by  an  enlarged  development  of  their  sympathies,  rather 
than  to  that  which  tends  to  sever  the  bonds  of  brotherhood. 

If  we  reason  from  the  past  and  present  to  the  future,  we  may  find  grounds 
to  hope  that  this  will  be  the  case ;  for  its  employment  had  been  established, 
and  the  use  of  it  had  become  a  habit,  for  those  objects  which  aim  at  improv- 
ing the  condition  of  man,  by  a  more  general  diffusion  of  comforts  in  com- 
merce, and  by  raising  the  tone  of  civilization  by  an  extension  of  friendly  in- 
tercourse, before  any  efforts  were  made  towards  forming  a  steam  navy,  either 
in  England  or  elsewhere.  The  force  of  habit  here  may  advance  the  best  ob- 
jects ;  and  establish  on  an  immoveable  basis  of  pre-eminence,  the  use  of  steam 
navigation  to  improve,  and  refine,  and  elevate  the  social  condition  of  our 
species,  in  opposition  to  that  use  of  it  which,  in  itself,  tends  directly  to 
devastate  and  destroy.  Besides,  the  use  of  steam  navigation,  in  its  benign 
aspect,  has  already  proved  its  great  advantages,  and  has  received  and 
encouraged  so  much  zealous  Support  and  enterprise,  as  may  be  reasonably 
looked  upon  as  a  pledge  of  its  future  eminence  and  achievements.  This  is 
worthy  of  an  enlightened  age ;  and  it  is  a  good  omen,  that  whilst  philan- 
thropists are  employing  their  efforts  and  influence  to  diminish  the  severity 
of  those  calamities  to  which  humanity  is  subject, — ^there  is  another  grand 
agency  at  work,  capable  of  producing  such  positive  advantages,  wherever 
man  develops  his  social  character.  And  it  may  be  hoped,  that  the  more 
enlightened  policy  of  the  present  age,  in  establishing  an  intercourse  with 
people  yet  uncivilized,  will  contribute  its  advantage  in  connection  with 
whatever  exertions  may  be  made  to  extend  the  benefits  of  commerce,  and 
improve  man^s  social  condition. 

It  is  somewhat  remarkable  that  distinct  efforts,  in  different  countries, 
and  at  distant  periods  of  time,  should  be  made,  to  realize  mechanical  power 
for  navigation  by  means  of  steam  j  and  that  each  of  these  efforts  should 
fall  into  oblivion,  leaving  the  distinguished  authors  of  steam  navigation  to 
the  necessity  of  thinking  and  contriving,  as  if  nobody  had  conceived  ideas 
on  the  same  subject  before  :  yet  such  appears  to  have  been  the  case. 

The  earliest  claim  to  the  discovery  is  made  by  Spain,  on  behalf  of  Blasco 
de  Garay,  a  sea  captain.  The  account  of  it  was  in  the  original  records 
which  had  been  preserved  in  the  royal  archives  of  Simancas,  among  the 
state-papers  of  the  city  of  Catalonia,  and  those  of  the  naval  secretary  of 
war,  in  the  year  1543,  and  was  extracted  on  the  27th  August,  1825,  by  the 
keeper,  who  signed  his  name  "  Tomas  Gonzalez.^'    It  is  as  follows : 

"  Blasco  de  Garay,  a  sea  captain,  proposed  to  the  emperor  and  king 
Charles  V.,  in  the  year  1543,  an  invention  for  propelling  vessels  and  large 
ships,  even  during  calms,  without  the  aid  of  oars  or  sails. 
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'^  Notwithstanding  the  obstacles  and  opposition  which  this  proposal  had 
to  encounter,  the  emperor  agreed  that  it  should  be  tried,  which  was  accor- 
dingly done  in  the  harbour  of  Barcelona,  on  the  17th  June,  of  the  above- 
named  year  1543. 

"  Garay  would  never  reveal  his  invention ;  but  it  was  seen  at  the  time  of 
the  trial  that  it  consisted  in  a  large  cauldron  of  boiling  water,  and  in  some 
wheels  of  complicated  movement  on  each  side  of  the  vessel. 

'^  The  experiment  was  made  on  a  vessel  of  200  tons,  which  had  come 
from  Calibre  to  discharge  wheat  at  Barcelona,  called  the  THnidad,  Pedro 
de  Scarza,  master. 

^^  By  commission  of  Charles  V.,  and  of  his  son,  prince  Philip  II.,  the 
business  was  entrusted  to  Don  Enrique  de  Toledo,  the  governor  Don 
Pedro  Cardona,  the  treasurer  Ravage,  the  Vice-chancellor,  the  Provedore 
of  Catalonia,  Don  Francisco  Gallo,  and  many  other  persons  of  rank,  both 
Castillians  and  Catalonians,  and  among  them  many  naval  men  who  wit- 
nessed the  operation^  some  on  board  the  vessel,  and  others  from  the  shore. 

^^  In  the  reports  that  were  made  to  the  emperor  and  the  prince,  all  gene- 
rally applauded  the  invention,  especially  the  promptitude  with  which  the 
ship  was  turned.  The  treasurer,  Ravago,  who  was  unfriendly  to  the  pro- 
ject, stated  that  she  went  two  leagues  in  three  hours ;  that  it  was  very 
complicated  and  costly;  and,  that  there  was  great  danger  of  the  boiler 
frequently  bursting.  The  other  commissioners  reported  that  the  vessel 
went  twice  as  fast  as  a  galley  propelled  in  the  usual  way,  and  that  she  went 
at  least  a  league  per  hour. 

"  When  the  experiment  was  concluded,  Garay  removed  all  the  machinery, 
which  he  had  fitted  in  the  vessel,  and  the  timber  having  been  deposited  in 
the  arsenal  of  Barcelona,  he  retained  all  the  rest  in  his  own  power. 

^'  Notwithstanding  the  difficulties  and  contradictions  started  by  Ravago, 
the  invention  was  approved ;  and,  had  not  the  emperor  been  diverted  by  the 
expedition  in  which  he  was  then  engaged,  he  would  doubtless  have  prose- 
cuted and  patronized  it.  As  it  was,  he  promoted  the  author  to  a  higher 
rank,  gave  him  a  gratuity  of  200,000  marav4d%9^  ordered  the  expenses  to 
be  all  paid  out  of  the  general  treasury,  and  bestowed  other  favours  on  him. 

''  This  is  stated  in  the  original  records  which  are  preserved  in  the  royal 
archives  of  Simancas,  among  the  state-papers  of  the  city  of  Catalonia,  and 
those  of  the  naval  secretary  of  war^  in  the  above-named  year,  1543. 

''  Simancas,  27th  August,  1825. 

"ToMAS  Gonzalez." 

In  the  resuscitation  of  this  art^  there  appears  something  more  worthy  of 
the  author  of  a  great  invention^  than  is  to  be  seen  in  the  conduct  of  the 

*  About  £61  13«.  Ad,  sterling. 
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Spaniard.  Jonathan  Hulls,  who  gave  birth  to  the  idea  of  steam  navigation 
in  England,  took  out  a  patent  in  1736,  to  secure  the  advantages  of  his 
discovery;  and,  in  a  small  book  which  he  published,  in  1737,  on  the  sub- 
ject of  his  invention,  he  gave  both  a  description  and  a  drawing  of  the 
manner  in  which  he  proposed  to  propel  vessels.  The  paddle-wheel  in  this 
design  was  placed  in  a  frame  at  the  stem  of  the  boat ;  and  its  connection 
with  the  machinery  was  formed  by  means  of  straps.  The  author  of  this 
design  seems  to  have  intended  his  boats  to  be  employed  for  the  purpose  of 
towing  ships  in  rivers  and  harbours,  when  the  wind  should  be  unfavourable 
to  their  sailing :  a  work  of  subordinate  rank  amongst  the  important  ser- 
vices in  which  steam  vessels  are  now  engaged. 

The  following  is  an  extract  from  that  book,  wherein  the  author  explains 
the  adaptation  and  construction  of  his  machine.  ''  In  some  convenienit 
part  of  the  tow  boat,  there  is  placed  a  vessel,  about  two-thirda  full  of 
water,  with  the  top  close  shut.  This  vessel  being  kept  boiling,  rarifies  the 
water  into  a  steam.  This  steam  being  conveyed  through  a  large  pipe  into 
a  cylindrical  vessel^  and  there  condensed,  makes  a  vacuum,  which  causes 
the  weight  of  the  atmosphere  to  press  on  this  vessel,  and  so  presses  down 
a  piston  that  is  fitted  into  a  cylindrical  vessel,  in  the  same  manner  as  in 
Mr.  NewcomerCs  engine,  with  which  he  raises  the  water  by  fire. 

^'  In  Plate  33,  fig.  1,  P  is  the  pipe  coming  from  the  furnace  to  the  cylinder. 
Q,  the  cylinder  wherein  the  steam  is  condensed.  B,  the  valre  that  stops 
the  steam  from  coming  into  the  cylinder,  whilst  the  steam  within  the 
same  is  condensed.  S,  the  pipe  to  convey  the  condensing  water  into  the 
cylinder.  T,  a  cock  to  let  in  the  condensing  water,  when  the  cylinder  is 
fiill  of  steam,  and  the  valve  p  is  shut.  U,  a  rope  fixed  to  the  piston  that 
slides  up  and  down  the  cylinder.  Note. — ^This  rope,  U,  is  the  same  rope 
that  goes  round  the  wheel  D  in  the  machine,  fig.  2. 

"  The  Explanation  of  the  Machine.     (See  Plate  33,  fig.  2.) 

'^  A,  represents  the  chimney  coming  firom  the  furnace. 

'^  B,  the  tow-boat. 

"  C  C,  two  pieces  of  timber  firamed  together,  to  carry  the  machine. 

'^  D  a,  D  and  D  b  are  three  wheels  on  one  axis,  to  receive  the  ropes, 
M,  F  4  and  P  a. 

'^  H  a  and  H  b  are  two  wheels  on  the  same  axis,  with  the  fans 
1 1 1 1 1 1,  and  move  alternately  in  such  a  manner  that,  when  the  wheels 
D  a,  D  and  D  b  move  backwards  or  forwards,  they  keep  the  fans  1 1 1 1 1 1 
in  a  direct  motion. 

"Yb  is  a  rope  going  from  H  A  to  D  i,  that,  when  the  wheels  D  a,  D 
and  D  b  move  forward,  moves  the  wheel  H  b  forward,  which  brings  the 
fans  forward  with  it. 

"Fa  is  a  rope  going  firom  the  wheel  H  a  to  the  wheel  D  a,  that,  when 
the  wheels  D  a,  D  and  D  b  move  forward,  the  wheel  H  a  draws  the  rope  F, 
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and  raises  the  weight  G,  at  the  same  time  as  the  wheel  H  b  brings  the  fans 
forward. 

'^  When  the  weight  G  is  so  raised,  while  the  wheels  D  a,  D  and  D  b  are 
moving  backward^  the  rope  P  a  gives  way,  and  the  power  of  the  weight  G 
brings  the  wheel  H  a  forward,  and  the  fans  with  it,  so  that  the  Ceins 
always  keep  going  forward,  notwithstanding  the  wheels  D  a,  D  and  D  b 
move  backwards  and  forwards,  as  the  piston  moves  up  and  down  in  the 
cylinder. 

^^  L  L  are  teeth  for  a  catch  to  drop  in  from  the  axis,  and  are  so  contrived, 
that  they  catch  in  an  alternate  manner,  to  cause  the  fans  to  move  always 
forward,  for  the  wheel  H  a,  by  the  power  of  the  weight  G,  is  performing 
its  office,  while  the  other  wheel  H  b  goes  back,  in  order  to  fetch  another 
stroke. 

"  Note, — ^The  weight  G  must  contain  but  half  the  weight  of  pillar  of  air 
pressing  on  the  piston,  because  the  weight  G  is  raised  at  the  same  time  as 
the  wheel  H  b  performs  its  office,  so  that  it  is  in  effect  two  machines,  acting 
alternately  by  the  weight  of  one  pillar  of  air  of  such  a  diameter  as  the 
diameter  of  the  cylinder  is.'' 

A  few  facts  may  be  mentioned,  tending  to  show  how  talent  and  ingenuity 
were  converging  to  the  point  which  has  since  been  reached,  in  the  power 
and  appUances  of  the  steam-engine  for  navigation.  About  ten  years  after 
Jonathan  Hulls  had  taken  out  his  patent  in  England,  M.  Bouguer  pub- 
lished his  Traits  du  Navire  in  France ;  and,  considering  the  importance  of 
having  some  means  to  use  more  effectually  than  anything  that  had  yet 
been  tried  in  large  ships,  as  a  substitute  for  the  power  of  wind  on  the  sails, 
he  suggested  that,  instead  of  employing  a  revolving  apparatus  that  should 
act  upon  the  water,  constructed  on  the  plan  of  wheels  to  a  water-mill, 
(considering  that  these  could  not  be  moved  with  sufficient  velocity,)  there 
should  be  a  number  of  oars  or  large  plane  surfaces,  from  5  or  6  to  10  feet 
square,  and  therefore  sufficient  to  present  a  surface  from  25  to  100  square 
feet,  to  overcome  the  resistance.  These  blades  were  intended  to  be  com- 
posed of  a  frame,  and  two  leaves  or  panels  moving  within  it,  on  hinges, 
with  Uberty  to  open  outwardly  to  about  25  or  80  degrees,  that  they  might 
be  the  more  easily  moved  forwards  for  each  successive  stroke,  but  to  close 
firmly  against  the  frame  when  the  stroke  was  made.  It  was  proposed  to 
place  these  obUquely  at  the  sides  and  on  the  quarters  of  a  ship ;  and  it  was 
estimated  that  such  a  number  of  these  might  be  used  as  could  not  fail  of 
impelling  the  ship  forwards. 

The  Royal  Academy  of  Sciences  at  Paris  offered  a  prize,  in  1758,  for 
the  most  advantageous  manner  of  supplying  the  action  of  the  wind  on 
large  ships.  M.  Daniel  Bernoulli,  then  professor  of  philosophy  at  Basle^ 
produced  the  successful  essay^  having  proceeded  on  the  plan  advanced  by 
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M.  Bougaer.  Euler,  and  M.  Mathon  de  la  Cotur,  wrote  on  the  same  snb- 
ject ;  and  each  proposed  the  use  of  floats  attached  to  a  shafts  which  was  to 
revolve  by  means  of  mechanical  arrangements  within  the  ship.  In  Euler^s 
plan,  the  shaft  supported  four  floats,  placed  at  right  angles ;  and  the  in- 
board mechanism  for  working  it  was  a  vertical  shaft,  with  a  toothed  wheel 
and  pinion,  as  shown  in  the  annexed  sketch  (PL  34,  fig.  1.)  M.  Mathon 
de  la  Cour  proposed  the  use  of  six  floats  on  each  axle,  and  the  intervention 
of  an  endless  cord,  passing  over  a  drum  at  the  end  of  the  axle,  which  was 
fastened  to  the  side  of  the  ship,  and  over  a  corresponding  drum  annexed 
to  the  frame,  to  be  constructed  on  the  deck  for  working  these  paddle- 
wheels.  The  physical  power  of  man  was  the  only  means  loo]^ed  to  for 
turning  these  wheels.  M.  Mathon  de  la  Cour  says,  "One  can  hardly 
think  of  having  other  moving  power  than  that  of  men;  horses  require 
for  their  subsistence  too  great  a  quantity  of  water,  hay,  and  com ;  they 
would  be  unable  to  endure  the  labour,  joined  to  the  hardship  of  the  voyage ; 
and  they  can  be  employed  only  with  machines  too  complicated,  and  taking 
up  too  much  room.  Let  us,  then,  endeavour  to  draw  the  greatest  amount 
that  we  can  from  the  strength  of  men. 

"  Nothing  is  more  simple  than  oars  j  but  if  we  make  them  similar  to 
those  of  galleys,  their  length  and  weight  make  them  difficult,  embarrassing, 
and  of  too  slow  a  motion  to  obtain  an  effect  which  would  compensate  the 
toil  of  the  crew  in  working  them. 

"  Most  of  these  inconveniences  would  be  avoided  by  attaching  vertical 
oars  to  the  two  sides  of  the  ship,  turning  about  an  axle  placed  at  the  most 
convenient  height.  The  blades  should  be  hung  on  hinges,  which  should 
ofier  resistance  in  only  one  way,  and  leave  a  free  passage  to  the  water  when 
they  were  moved  in  a  contrary  direction.  I  reckoned  on  proposing  what 
appeared  to  me  easy  enough ;  but,  imder  all  considerations,  I  have  thought 
that  the  unavoidable  interruption  between  the  two  strokes  of  the  oar, 
and  the  resistance  that  is  necessarily  experienced  in  bringing  them  again 
towards  the  bow  (the  more  so,  as  their  motion  is  then  increased  by  the 
way  of  the  ship),  I  have  thought  that  these  disadvantages  would  render 
their  effect  much  less  than  that  of  wheels.  Whatever  aversion  seamen 
may  always  have  shown  to  this  last  means,  it  cannot  but  be  agreed  that  it 
has  the  advantage  of  continuity  of  action,  and  that  the  weight  of  the  oars 
is  avoided. 

"  The  question  here  is  only  to  supply  the  want  of  wind,  that  is  to  say, 
to  have  the  means  of  navigating  a  calm  sea.  Wheels  can  then  be  used 
without  inconvenience.  There  is  no  difficulty  in  making  them  light  enough 
to  be  raised  conveniently,  and  to  be  unshipped  when  they  are  no  longer  to 
be  used:  We  will  make  them  of  a  diameter  which  will  not  cover  too  much 
of  the  ship's  sides,  and  which  will  not  obstruct  the  use  of  the  guns.  Finally, 
we  will  give  them  a  moving  apparatus,  which  will  in  some  way  multiply  the 
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pqwer  of  the  men  without  the  need  of  multiplying  their  number.*  They 
will  be  placed  at  the  two  sides  of  the  ship^  their  centre  being  placed  about 
three  feet  above  the  surface  of  the  water, — a  height  to  which  one  may  go 
without  danger  from  the  openings  and  from  the  ports.  They  will  be  of 
six  feet  radius,  but  it  will  suffice  for  the  blades  to  be  three ;  for  the  part 
nearest  to  the  centre  ought  not  to  be  plunged  into  the  water."  t 

Plate  34,  figure  2,  shows  the  contrivance  proposed  by  M.  Mathon 
de  la  Cour. 

About  the  same  time,  M.  Oautier,  a  regular  canon,  and  senior  professor 
of  mathematics,  presented  to  the  royal  society  of  Nancy  a  m^moire,  in 
which  he  showed  that  the  strength  of  the  crew  was  not  enough  to  give  a 
great  velocity  to  a  ship,  and  proposed,  as  the  only  means  of  obtaining  that 
object,  the  employment  of  a  steam-engine,  pointing  out  several  ways  of 
applying  it  to  produce  a  rotatory  motion.  % 

But,  practically,  the  steam-engine  had  not  arrived  at  the  stage  in  which 
it  could  be  conveniently  appfied  to  the  purposes  of  navigation.  There  were 
two  conditions  wanted  to  adapt  it  to  this  object :  these  were  rotatory 
instead  of  rectilinear,  and  continuous  instead  of  intermitted  motion.  Me- 
chanical contrivances,  in  the  hands  of  Watt,  accomplished  these  two  objects 
about  the  year  1781,  when  he  took  out  a  patent  for  several  plans  to  pro- 
duce rotatory  motion.  These  were,  nevertheless,  yet  imperfect,  as  the 
steam-engine  itself  gave  only  an  intermitted  motion,  the  defect  being 
supplied  by  its  appendages.  But  when  his  plan  for  the  double-acting 
engine  was  brought  into  operation,  under  the  patent  dated  the  12th 
March,  1782,  the  whole  effect  of  continuous  motion  was  produced  more 
simply,  and  the  previous  incumbrances  avoided.  The  steam-engine  was 
therefore  now  rendered  fit  for  the  purposes  of  navigation,  in  the  two 
features  in  which  it  had  before  been  defective.  It  is,  however,  right  to  state, 
that  the  importance  of  supplying  these  deficiencies  was  occupying  the 
attention  of  foreign  as  well  as  of  Engtish  engineers ;  and  different  proposals 
had  been  made  in  France  to  get  a  rotatory  motion,  before  that  object  was 
accomplished  in  England. 

The  efforts  firom  which  steam  navigation  ultimately  resulted,  appear  to 
have  been  quite  independent  of  whatever  had  preceded  in  the  same  order 
of  invention ;  for  it  does  not  appear  from  what  is  recorded  of  Mr.  Miller's 
investigations  and  experiments,  that  he  reverted  to  the  plan  of  Jonathan 
HuUs.  If  they  had  this  independent  character,  then  we  may  date  the  real 
origin  of  steam  navigation  at  1788;  as,  in  October  of  that  year,  an  experi- 

*  It  does  not  appear  that  M.  Mathon  de  la  Cour  considered  that  it  was  impossible  to 
increase  the  mechanical  power  employed  without  diminishing  the  speed,  an  alternative 
which  would  cost  all  the  advantage  he  supposed  he  would  gain. 

t  M6moire  pr^ent^  k  I'Acad^mie  Royale  des  Sciences,  ik  I'occasion  du  Prix  de  1753, 
par  M.  Mathon  de  la  Cour,  de  TAcaddmie  Royale  des  Sciences  et  Belles-Lettres  de  Lyon. 

t  Mimoires  de  la  Socilt4  Royale  de  Nancy,  tome  iiL,  printed  in  1755. 
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ment  was  made  upon  the  lake  of  Dalswinton^  in  Scotland.  It  was  a  mere 
experiment,  made  to  ascertain  the  applicability  of  steam  power  to  the 
purpose  of  propelling  a  vessel;  and,  when  this  had  been  BatiatBCtorilj 
determined,  the  engine  was  removed  firom  the  vessel,  and  she  was  restored 
to  her  common  use. 

This  arrangement  seems  not  to  have  been  the  result  of  anj  one  man's 
thought,  but  to  have  been  the  offspring  of  the  joint  labour  of  three  minds, — 
those  of  Mr.  Miller,  Mr.  Taylor,  and  Mr.  Symington.  Mr.  Miller  had 
previously  tried  the  effect  of  paddles  instead  of  sails  or  oars ;  and  these  were 
worked  by  men  turning  a  winch.  But  this  method  of  propulsion  involved 
a  constancy  of  heavy  labour,  which  it  was  perceived  would  be  a  bar  to  its 
extensive  application ;  and,  whilst  this  obstacle  was  seen  to  prevail,  Mr. 
Miller  was  anxious  to  devise  some  other  means  as  a  substitute  for  this 
physical  effort.  It  is  recorded  that,  in  the  course  of  conversations  which 
he  had  on  this  subject  with  Mr.  Taylor,  this  gentleman  suggested  the 
steam-engine.  Neither  of  them  was,  however,  an  engineer;  and  Mr. 
Symington,  an  engineer,  an  intimate  friend  of  Mr.  Taylor's,  was  consulted. 
Mr.  Symington  had  already  constructed  a  locomotive  steam-engine ;  and 
he  perceived  with  what  facility  a  similar  engine  could  be  applied  to  the 
working  of  paddles  affixed  to  a  vessel.  He  was,  therefore,  engaged  to 
share  in  the  undertaking. 

Mr.  Symington  now  caused  a  small  engine  of  about  one-horse  power  to  be 
constructed,  suited  to  work  the  paddles  for  propelling  Mr.  Miller's  pleasure- 
boat.  The  cylinder  of  the  engine  was  about  4  or  5  inches  in  diameter, 
but  with  this  small  power,  the  vessel  was  propelled  at  the  rate  of  five  miles 
an  hour;  and,  in  every  respect,  the  result  of  the  experiment  was  as  satis- 
factory as  the  size  of  the  vessel  and  the  power  of  the  engine  would  permit. 

After  this  particular  success,  it  was  thought  desirable  to  determine,  by 
an  experiment  on  a  larger  scale,  whether  the  application  of  the  power  would 
be  as  favourable,  under  altered  circumstances,  with  the  view  to  establish 
grounds  of  conclusion  in  feivour  of  the  general  suitableness  of  the  steam- 
engine  to  this  purpose,  if  the  results  should  be  similar.  Mr.  Miller's  hLtge 
pleasure-boat  was  the  subject  of  this  experiment ;  this  vessel  was  60  feet 
in  length.  An  engine  of  twelve-horse  power,  having  cylinders  18  inches 
in  diameter,  was  erected  at  the  Carron-works,  under  the  superintendenoe 
of  Mr.  Symington.  But  the  description  of  engine,  and  all  the  arrange- 
ments in  fitting  up  the  vessel,  and  in  connecting  it  with  the  paddle-wheels, 
were  identical  with  those  used  in  the  first  experiment,  with  the  exception  of 
their  being  on  a  larger  scale. 

Every  preparation  that  was  deemed  necessary  having  been  made  for 
conducting  the  experiment  upon  the  Forth  and  Clyde  canal,  the  engine 
was  set  in  motion ;  but  the  concussions  of  the  paddle-boards  against  the 
water  were  too  violent  for  their  strength,  and  they  broke.  These  were 
replaced  by  others  of  greater  strength ;  and  the  experiment  was  fidrly  made 
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on  the  26th  of  December  1789^  and  repeated  with  the  like  snccess  on  the 
following  day^ — ^the  vessel  being  propelled  at  the  rate  of  nearly  seven  miles 
an  hour.  Nothing  more  than  an  experiment  had  been  contemplated  in 
the  construction  of  this  engine^  and  in  using  the  pleasure-boat  to  try  its 
adaptation  to  the  purpose;  when,  therefore,  the  results  had  verified  the 
original  expectations  regarding  the  arrangements,  the  engine  was  removed 
from  her,  and  she  was  restored  to  her  ordinary  use. 

It  appears  that  Mr.  Miller  deemed  it  sufficient  to  have  expended  a  lai^e 
sum  of  money  in  bringing  his  experiments  to  so  satisfactory  a  result,  and 
to  have  achieved  so  much  towards  benefiting  his  countrymen,  if  they  chose 
to  direct  their  efforts  in  the  path  that  had  been  pointed  out  to  them ;  for 
he  paid  no  further  attention  to  the  subject.  Those  who  had  co-operated 
with  him  were  not  men  of  capital;  and  hence,  the  project  of  using  steam 
and  paddles  in  propelling  vessels  was  suspended  for  several  years.  The 
invention  was,  however,  established;  and  the  practical  application  only 
remained  to  be  made,  and  those  improvements  which  experience  might 
suggest  to  be  introduced  into  the  arrangements,  to  render  this  invention 
one  of  the  most  useful  discoveries  of  modem  times. 

It  may  seem  strange  that  there  was  not  a  sufficient  connection  of  scien- 
tific and  mechanical  knowledge  with  capital  and  enterprising  genius  in 
Oreat  Britain,  at  once  to  give  effect  to  so  grand  a  design ;  but  the  facts  of 
history  show  there  was  not :  for  any  further  effort  appears  not  to  have 
been  made  towards  this  end,  till  about  the  year  1801  or  1802,  when  lord 
Dundas  formed  a  design  to  employ  steam-tugs,  instead  of  horses,  to  tow 
the  vessels  upon  the  Forth  and  Clyde  canal.  Mr.  Symington  was  engaged 
by  him  to  construct  a  steam-boat  for  this  purpose ;  he  completed  this 
undertaking  in  1802.  The  experimental  employment  of  this  vessel  was 
satisfactory ;  for,  with  an  engine  having  a  22-inch  cylinder,  with  a  stroke 
of  4  feet,  she  towed  two  loaded  vessels,  of  seventy  tons  each,  directly  against 
a  strong  breeze,  at  the  rate  of  three-and-a-quarter  miles  an  hour ;  and, 
when  she  had  no  vessels  in  tow,  her  speed  was  six  miles  per  hour.  But 
it  was  apprehended  that  the  use  of  steam-boats  would  injure  the  banks  of 
the  canal ;  the  employment  of  them  for  this  purpose  was,  therefore,  sus- 
pended for  some  years,  until  a  more  independent  effort  could  be  made,  and 
the  error  of  the  objection  determined.  The  form  of  the  longitudinal  section 
of  the  tug  constructed  by  Mr.  Symington  for  lord  Dundas,  is  shown  in 
Plate  35 ;  in  which  it  will  be  seen  that  the  paddle-wheel  was  aft,  and  the 
steersman  forward. 

It  may  be  deemed  a  somewhat  remarkable  fact,  that  no  idea  seems  to 
have  been  entertained  by  those  who  took  the  earliest  interest  in  bringing 
steam-boats  into  use,  of  putting  them  to  purposes  more  important  than  the 
navigation  of  canals.  This  may  perhaps  account,  in  a  great  measure,  for 
the  very  small  amount  of  attention  which  they  received  for  some  years  after 
their  capabilities  of  usefulness  had  been  proved. 
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The  idea  of  using  steam  for  the  purpose  of  navigation  had  a  floating 
existence  in  America^  a  considerable  time  before  the  application  of  it  was 
successful.  The  employment  of  paddle-wheels  having  been  suggested^ 
Dr.  Franklin  regarded  them  as  unsuited  to  the  purpose^  considering  that 
they  would  be  immersed  up  to  the  axle,  and  that^  therefore,  there  would  be 
a  great  loss  of  labour  in  working  them.'i'  But  the  idea  of  propelling  vessels 
by  means  of  a  column  of  water  pumped  in  at  the  bow,  and  forced  out  at 
the  stem,  seemed  to  him  less  open  to  objection,  and  he  thought  it  possible 
that  a  steam-engine  might  be  used  to  give  this  motion. 

About  the  year  1783  or  1786,  Mr.  Fitch  tried  to  overcome  the  obstacles 
which  seemed  to  forbid  the  use  of  paddle-wheels,  by  using  an  apparatus  for 
propelling  vessels,  something  in  the  shape  of  shovels,  with  a  steam-engine 
as  the  moving  power.  But  the  steam-engine  was  able  to  give  a  velocity 
of  only  about  two-and-a-half  knots.  In  1787  he  built  another  boat,  which 
performed  several  passages  on  the  Delaware ;  and  some  of  Mr.  Fulton^s 
opponents  reported  that  she  realized  a  speed  of  five,  six,  and  even  seven 
knots.  But  the  machinery  was  subject  to  frequent  derangements,  causing 
a  large  outlay  to  the  shareholders,  who,  perhaps,  seeing  little  prospect  of 
ultimate  success,  gave  up  the  speculation.  About  1791,  we  find  Mr.  Fitch 
at  Lorient,  endeavouring  to  introduce  the  use  of  steam-boats  into  France. 
But  appearances,  which  at  first  seemed  to  countenance  hia  project,  after- 
wards obliged  him  to  give  up  his  design.  Before  this  time,  however,  as 
well  as  afterwards,  there  appear  to  have  been  some  independent  efforts  to 
realize  steam  navigation  in  France,  as  ^'  the  Abb^  Darnel  in  1781,  M.  de 
Jouffroi  in  1782,  and  M.  Desblancs  in  1802  and  1803,  proposed  or  con- 
structed new  steam-boats.^'  f 

About  the  year  1784,  Mr.  Bimisey,  under  the  encouragement  of  Dr* 
Franklin,  began  a  course  of  experiments,  in  employing  a  steam-engine  to 
pump  the  water  in  at  the  bow  of  a  boat,  and  to  force  it  out  abaft.  It 
was  reported  that,  by  the  year  1787,  he  gained  a  velocity  of  24  knots ;  but 
as  the  plan  was  not  eventually  successful,  Mr.  Bumsey  left  his  native  land 
to  seek  for  more  encouragement  in  England ;  and  we  find  him  pursuing 
his  investigations  at  London  about  the  year  1805.  In  reference  to  these 
experiments  it  may  be  observed,  that  Mr.  Watt,  who  was  engaged  in 
putting  Mr.  Bumsey^s  plan  into  effect,  said  afterwards,  that  the  power 
was  applied  to  great  disadvantage,  the  tube  through  which  the  water  was 
forced  out  being  considerably  smaller  than  the  bore  of  the  pump-barrel.^ 

Another  course  of  experiments  was  carried  on  by  Mr.  Morey,  between 
1790  and  1797,  in' which  the  steam-engine  was  employed  to  give  motion  to 
various  sorts  of  oars,  and  particularly  to  paddle-wheels  placed  either  at  the 

♦  Letter  to  M.  Leroi,  6th  April,  1776. 

t  M^moire  sar  les  Bateaux  It  Yapeur  des  Etats-Unis  d' Am^rique,  par  M.  Marestier. 

t  Buchanaa^s  Practical  Treatise  on  Propelling  Vessels  by  Steam,  &c.,  page  H  ^^^' 
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sides  or  at  the  stem  of  a  boat.  He  did  not  succeed  in  gaining  enough 
support;  or,  perhaps^  the  engineers  of  America  did  not,  at  that  time, 
sufficiently  understand  the  construction  of  the  steam-engine,  to  bring  such 
a  pkn  to  a  successful  result.  We  see  that,  several  years  later,  Mr,  Pulton 
having  resolved  to  make  a  great  e£Port  at  placing  steam  navigation  upon  a 
practical  basis,  ordered  his  steam-engine  at  Soho,  before  he  left  Europe. 

The  next  important  experiments  in  America,  that  we  find  on  record, 
were  those  of  Mr.  Livingston.  His  idea  was,  that  a  horizontal  wheel, 
placed  at  the  bottom  of  a  boat  in  a  situation  similar  to  that  of  a  pump-weU, 
being  turned  very  rapidly,  would  draw  the  water  up  through  the  centre, 
and  that  the  efiect  of  its  centrifugal  force  would  be  to  expel  it  through  an 
opening  at  the  after  part  of  the  boat,  with  sufficient  energy  to  acquire  the 
needed  velocity. 

The  state  of  New  York  agreed,  in  1798,  that  he  should  have  a  privilege 
for  twenty  years,  on  condition  that,  by  the  27th  March  1799,  he  should 
produce  a  boat  having  a  velocity  of  four  miles  an  hour.  The  time  expired 
without  success;  and,  in  1799,  he  obtained  an  extension  of  two  years,  in 
which  several  other  plans  were  tried, — as  paddles,  helical  surfaces,*  wheels 
on  the  principle  of  windmill-sweeps,  endless  chains  with  paddles  affixed 
to  them,  and  some  others ;  but  still  he  failed  of  success. 

In  1802,  whilst  he  was  filling  the  post  of  ambassador,  from  the  United 
States,  in  France,  he  became  acquainted  with  Mr.  Robert  Fulton,  who 
was  already  known  to  some  extent  in  Europe,  as  the  author  of  several 
plans  which  indicated  the  order  and  character  of  his  talent,  and  pointed 
him  out  as  one  with  whom  Mr.  Livingston  could  act  advantageously  in 
his  future  enterprises.  So  early  as  1793,  Mr.  Fulton  had  formed  a  design 
for  a  steam-boat,  during  a  residence  of  some  years  in  England.  In  this 
time  he  acquired  a  knowlege  of  the  experiments  which  had  been  made  in 
this  country ;  and  particularly  of  the  boat  constructed  by  Mr.  Symington, 
which  he  saw  in  full  action,  and  carefully  inspected.  Mr.  Livingston 
informed  him  also  of  what  his  own  countrymen  had  attempted :  and  the 
papers  of  Mr.  Fitch  came  into  his  hands. 

Mr.  Livingstones  connection  with  him  was  advantageous  to  both.  The 
talent  and  enterprising  character  of  Mr.  Fulton,  and  the  resources  avail- 
able to  Mr.  Livingston,  were  thus  united.  Mr.  Livingston  obtained  from 
the  state  of  New  York,  in  their  joint  names,  a  further  extension  of  two 
years,  from  April  1803.  With  a  prospect  so  encouraging,  Mr.  Fulton 
constructed  a  boat  early  in  that  year^  which  was  launched  upon  the  Seine ; 
but,  having  machinery  very  heavy  in  relation  to  her  strength,  she  broke 
in  the  middle,  and  sank.     On  being  got  up,  repaired,  and  re-fitted  with 

*  Mr.  Bobertson  Buchanan  says  of  this  means  of  propulsion,  ^'  Some  mechanics  still 
think  feiYOurably  of  it,  and  suppose  that  if  a  screw  of  only  one  revolution  were  used,  it 
would  be  better  than  where  a  larger  thread  is  employed."  Practical  Treatise  on  Pro- 
pelling Vessels  by  Steam,  &c.,  p.  45. 
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her  engine^  she  realized  a  velocity  of  3.58  miles  an  hour.  Strong  in  the 
confidence  which  this  success  inspired^  Mr.  Fnlton  left  France^  intending  to 
return  to  America^  passing  through  England.  He  remained  here  till  late  in 
1806 ;  and^  before  setting  out  for  America,  he  ordered  of  Messrs.  Boulton 
and  Watt,  a  steam-engine  of  20-horse  power,  to  be  sent  thither.  The  term 
on  which  the  privilege  had  been  renewed,  having  again  expired,  he  got  a 
further  renewal  of  it  in  the  spring  of  1807,  and  launched  his  first  boat. 

The  engine  was  fitted  in  this  boat  by  the  end  of  August,  and  soon  after- 
wards she  made  her  first  passage  firom  New  York  to  Albany.*  The 
velocity  obtained,  with  the  advantage  of  an  open  space  to  navigate,  was 
only  equal  to  that  exhibited  in  the  first  effort  made  in  Scotland ;  and  about 
two  miles  an  hour  less  than  Mr.  Fulton  had  witnessed  in  Mr.  Symington's 
performance  upon  a  canal :  the  average  speed  in  going  and  returning  was 
that  of  about  6\  miles  an  hour.  The  introduction  of  steam  navigation 
into  America  was  so  decidedly  successful,  that  ridicule  was  put  to  con- 
fusion, and  fame  and  influence  followed  as  rewards  to  the  author  of  its 
introduction. 

Mr.  Fulton  began  the  construction  of  steam-boats  by  giving  an  excessive 
length  in  relation  to  the  breadth:  the  Clermont,  built  in  1807,  was  9.33 
times  as  long  as  she  was  broad ;  and,  when  she  re-appeared  on  the  river 
in  the  spring  of  1808,  after  the  alteration,  she  was  9.38  times.     The  second 
boat  that  was  built  at  New  York,  the  Car  of  Neptune,  had  greater  relative 
breadth, — ^the  length  being  only  7.44  times  her  breadth.     And  the  change 
went  on  gradually  in  this  way  for  some  time ;   when  the  length  of  the 
Savannah,  built  in  1818  for  the  navigation  of  the  ocean,  included  only  3.84 
times  her  breadth.     For  it  came  to  be  conceived  that  greater  relative 
breadth  would  diminish  the  draught  of  water ;  and  also  that  it  was  neces- 
sary to  longitudinal  strength.    The  concentration  of  weights  about  the 
middle,  so  much  in  excess  of  the  proportion  which  the  vessel  would  bear, 
distributed  through  her  length,  required  the  support  of  greater  strength. 
And  they  considered,  that  it  would  be  less  advisable  to  obtain  that  greater 
longitudinal  strength  by  increasing  the  materials,  than  by  diminishing  the 
length  in  relation  to  the  breadth, — seeing  that  the  increase  of  materials 
would  increase  the  expense,  the  weight  of  the  vessel,  and  her  draught  of 
water;  and  so,  the  resistance  becoming  greater,  any  advantage  in  point  of 
velocity  would  be  questionable.    The  same  transition  is  not  observable  m 
the  early  history  of  steam-vessels  built  at  Philadelphia,  Baltimore,  and 
other  places.    Those  of  Baltimore,  had,  however,  the  less  relative  length; 
and  this  varied  in  several  boats  between  6.64  and  4.03  times  the  breadth. 
The  depth  of  hold  seems  to  have  been  determined  more  by  the  particular 

*  Most  of  the  fEtcts  relating  to  the  introduction  of  steam  navigation  into  Amencs 
are  gathered  from  a  '  Mtooire  sur  les  Bateaux  2k  Yapeur  des  Etats-Unis  d'Am6rique, 
etc.,  par  M.  Marestier,  Paris,  1824. 
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service  of  the  vessels  thaii  by  their  length  and  breadth  and  other  con- 
siderations :  in  the  early  vessels  it  varied  between  7  and  10  feet.  The 
draught  of  water  was  generally  small ;  the  object  in  determining  this  con- 
dition seems  to  have  been  to  fit  the  vessels  for  the  navigation  of  shallow 
waters.  It  varied  from  about  4  feet  3  inches  to  about  7  feet ; — the  Fulton, 
Chancellor  Livinffston,  and  Connecticut  drawing  above  6  feet.  The  Savannah 
drew  14  feet :  and  the  Robert  Fulton,  which  was  built  in  1819,  for  the 
navigation  of  the  Mississipi,  drew  10. 

The  position  of  the  paddle-shaft  varied  much  in  different  boats ;  in  most 
of  them  it  was  considerably  before  the  middle ;  the  limits  appear  to  have 
been  from  one-third  the  length  to  half  the  length  from  the  bow. 

The  power  of  the  engines  was  generally  small  in  relation  to  the  tonnage 
of  the  vessels.  The  first  boat  had  about  eight  tons  to  one  horse-power ; 
and,  when  steam  navigation  had  been  well  established  in  America,,  the 
same  ratio  seems  still  to  have  been  approved  for  small  boats, — ^the  relative 
power  of  the  engines  increasing  in  a  small  ratio  as  the  tonnage  of  the 
vessel  increased ;  and  vessels  from  400  to  500  tons  had  five  tons  to  the 
horse-power.  Their  very  small  scantlings,  involving  comparative  weakness 
in  the  boats,  may  have  made  it  absolutely  necessary  to  fix  a  favourable 
limit  to  the  weight  of  the  engines  in  relation  to  the  tonnage  of  the  vessels. 
The  effect  of  this  relatively  small  power  of  engines  was,  a  low  speed  in  the 
American  steam-boats  generally,  for  a  number  of  years.  The  Clermonfs 
speed  was  about  four  nautical  miles  an  hour ;  the  Washington,  with  twenty 
revolutions  of  the  paddle-wheels  in  a  minute,  went  at  the  rate  of  five  nautical 
miles  an  hour;  and  the  speed  of  the  Maryland,  with  seventeen  revolutions 
of  the  wheels  in  a  minute,  was  seven  miles  an  hour :  the  average  speed  of  a 
number  of  those  which  were  built  during  the  first  twelve  years  of  their 
history,  falls  between  these  two  limits. 

The  earliest  steam-vessels  built  in  America  had  flat  bottoms,  and  scarcely 
any  curvature  in  their  sides ;  and,  it  was  not  until  about  six  years'  experience 
had  been  gained,  that  boats  were  constructed  with  a  form  approximating 
to  that  of  common  vessels.  The  Fulton  was  the  first  steamer  of  which  the 
floor-timbers  were  rounded,  and  the  extremities  shaped  similarly  to  those 
of  sailing  vessels.  Her  length  was  133  feet,  breadth  30  feet,  and  draught 
of  water  6  feet  3  inches ;  and  she  was  intended  for  both  sails  and  steam 
power.  In  the  same  year  (1818),  the  Washington  was  built,  after  the  old 
model,  with  a  flat  bottom.  Change,  however,  went  on  more  extensively 
after  the  death  of  Fulton  in  1815 ;  and,  in  April  1818,  the  Savannah  was 
launched,  having  been  built  in  the  style  of  a  common  ship  of  three  masts. 
Her  length  was  100  feet,  breadth  26  feet,  light  draught  of  water  12,  and 
load  draught,  14  feet.  She  was  intended  for  Russia;  and  was  sent  to 
St.  Petersburgh,  calling  first  at  Liverpool,  performing  the  passage  partly 
by  means  of  steam  and  partly  by  that  of  sails.  She  did  not,  however, 
remain  in  Eussia,  but  returned  by  a  more  northerly  course  from  Europe 
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to  America^  and  reached  New  York  in  twentj-five  days  after  liaving  left 
Norway.* 

Hitherto^  the  American  steam-vessels  had  attained  to  but  a  low  velocity: 
the  performances  of  several  of  the  largest  of  them  give  a  mean  velocity, 
varying  fix>m  five  to  seven  nautical  miles  an  hour.  Fulton  considered  that 
eight  or  nine  miles  an  hour  was  the  maximum  of  speed  that  could  be 
given  to  steam-vessels.  But  the  course  of  experience^  and  the  energy  of 
enterprize^  gradually  improved  the  class  of  steam-vessels  in  America ;  and 
at  length  they  became  not  only  a  most  commodious  means  of  travelling, 
but  also  very  expeditious.  The  President,  plying  between  New  York  and 
Providence,  is  stated  by  professor  Renwick  to  have  had  a  mean  velocity, 
in  performing  her  passages,  of  10.32  nautical  miles  an  hour. 

The  news  of  Fulton's  success  in  America,  reached  this  country;  and  sug- 
gested, to  a  person  of  similarly  enterprising  disposition,  the  probability  that 
he,  too,  might  obtain  eminent  advantage  by  establishing  the  same  kind  of 
communication  upon  the  river  Clyde,  between  Glasgow  and  Helensburgh. 
This  person  was  a  Mr.  Bell,  the  proprietor  of  an  hotel  at  the  latter  place. 
The  vessel  which  was  built  for  him  was  called  the  Comet;  she  was  40  feet 
long  on  the  keel,  10  feet  6  inches  breadth  of  beam,  25  tons  in  burthen; 
and  was  fitted  ^dth  an  engine  of  about  three-horse  power.  This  was  the 
first  steam  vessel  that  was  employed  in  Europe  for  the  conveyance  of 
passengers.  It  is  observed,  that  the  relation  of  her  power  to  her  tonnage 
was  very  small ;  hence,  she  did  not  obtain  a  velocity  equal  to  her  require- 
ments,— ^being  only  about  five  miles  an  hour.  She  began  to  ply  on  the 
river  at  the  commencement  of  the  year  1812.  The  Comet  was  furnished 
with  two  sets  of  paddles,  or  two  wheels  on  each  side. 

The  river  Clyde,  which  was  distinguished  as  the  scene  of  her  operations, 
was  destined  soon  to  witness  the  eclipse  of  her  splendour;  for,  in  March 
1813,  another  steamer,  of  larger  dimensions,  and  higher  power,  was  started, 
with  a  direct  view  to  rivalry,  and  succeeded  in  bringing  an  ample  remunera- 
tion to  her  projector.  The  vessel  obtained  a  velocity  of  nine,  and  under 
favourable  circumstances,  very  nearly  ten  miles  an  hour,  having  had  given 
to  her  a  proportion  of  power,  about  such  as  extensive  and  long  experience 
has  since  approved  as  suitable.  This  vessel  was  named  the  Elizabeth ;  she 
was  68  feet  long  "  aloft,^'  and  1 1  feet  broad  amidships.  Her  best  cabin 
was  fitted  up  in  a  superb  style ;  and  as  she  plied  regularly  between  Glasgow 
and  Greenock  twice  a-day,  the  advantages  were  soon  appreciated,  in  the 
comfort  of  travelling,  and  in  the  diminished  expense,  which  was  only  one- 
third  of  that  in  travelling  between  the  same  places  by  coach. 

When  steam-vessels  had  thus  obtained  pubUc  confidence,  they  became 
the  approved  means  of  travelling  on  the  Clyde ;  the  traffic  was  increased 
with  the  accommodation ;  and  still  larger  and  more  powerful  vessels  were 

*  Treatise  on  the  Steam-engine,  by  James  Renwick,  L.L.D.,  pp.  270-1. 
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built  and  employed  with  success  ou  that  river.  In  1815^  the  fourth  year 
of  their  running  there^  ten  vessels  were  plying  as  packets  for  the  convey- 
ance of  passengers^  and  still  the  demand  for  larger  vessels  continued.* 

It  is  a  &ct  worthy  of  notice^  that  steam-navigation  had  thus  become  well 
established  upon  the  Clyde  before  it  was  at  all  used  on  the  river  Thames. 
We  do  not  attempt  to  account  fiilly  for  this ;  but  there  seems  to  have  been 
a  jealousy  on  the  part  of  the  watermen  upon  that  river^  at  any  innovation 
there ;  as  Mr.  Buchanan  says^  '^  In  the  year  1813^  a  steam-boat  was  built 
at  Bristol,  and  plied  between  that  place  and  Bath.  The  same  vessel,  by 
inland  navigation,  went  to  the  Thames  for  a  short  time,  but  was  prevented 
by  the  watermen's  company  from  taking  passengers.  For  that  reason,  the 
proprietor  returned  the  vessel  to  her  former  situation  in  Somersetshire.^'  t 
This  prejudice  seems,  however,  to  have  been  soon  overcome  by  some  means, 
for  we  find  that  in  the  winter  of  1814-15,  a  steam-vessel  came  from  the 
Clyde  to  London,  having  passed  through  the  Forth  and  Clyde  canal;  and 
she  was  employed  in  the  following  summer  in  carrying  passengers  between 
London  and  Oravesend.  By  this  time  a  company  had  been  formed  in 
London,  and  was  engaged  in  canying  on  and  extending  the  advantages 
of  steam-navigation.  In  the  spring  of  1815,  Mr.  George  Dodd  purchased 
for  that  company  the  steam-vessel  Argyle  (afterwards  called  the  Thames), 
which  had  been  built  by  Messrs.  John  and  Charles  Wood,  in  1814,  and 
employed^  for  some  time  between  Olasgow  and  Greenock.  She  was  65  feet 
long  on  the  keel,  had  a  breadth  of  beam  of  14  feet  6  inches ;  her  paddle- 
wheels  were  on  the  first  motion,  9  feet  diameter  by  4  feet  wide,  having  six 
floats  in  each  wheel,  15  inches  broad,  and  she  was  fitted  with  a  16-horse  power 
engine ;  her  draught  of  water  was  3  feet  6  inches.  Being  too  large  to  pass 
through  the  canal,  she.  made  her  passage  to  the  Thames  by  coming  round 
the  Land's-end ;  and  Mr.  Buchanan  says,  that  in  this  passage  she  twice 
crossed  the  British  channel.  She  was  rigged  with  a  square  sail  on  the 
chimney,  serving  for  a  mast,  a  fore-and-aft  sail  to  the  bowsprit  or  outrigger, 
and  another  on  the  mainmast.  Her  average  speed,  in  pl}ring  between 
London  and  Margate,  was  seven  miles  an  hour. 

In  the  next  year,  a  still  larger  steam- vessel  was  provided  for  the  same 
line.  This  was  the  Caledonia^  built  by  the  same  parties,  in  1815.  Her 
length  between  the  perpendiculars  was  94  feet ;  extreme  breadth,  15  feet 
3  inches ;  and  depth  in  hold,  9  feet.  She  had  a  flat  floor,  and  a  square 
bilge,  and  was  originally  fitted  with  two  engines  of  the  collective  power  of 
thirty-two  horses.  This  vessel  was  first  employed  on  the  Clyde,  and  in 
1816  she  came  round  the  Land's-end  to  the  Thames,  where  she  was  for 
a  short  time  employed  in  making  passages  to  Margate.  The  machinery 
was,  however,  defective,  and  she  was  consequently  soon  laid  up.  In  April, 
■     "    "      "  "'  "        '   '"■  ■    ■  ■     '  ^~^-^  I     ■■    ■  ■  ■'  '^ 

*  Buchanan's  Practical  Treatise  on  Propelling  Vessels  by  Steam, 
t  Ibid,  pp.  62,  63. 
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1817^  Mr.  James  Watt  purchased  this  vessel^  and  fitted  her  with  new 
engines^  boilers,  and  paddle-wheels,  the  engines  being  of  the  coUeddve 
power  of  28  horses ;  the  paddle-wheels  were  on  the  first  motion^  10  feet 
6  inches  in  diameter,  5  feet  3  inches  wide,  having  eight  floats  in  each  wheel, 
18  inches  broad.  On  the  15th  of  October  in  the  same  year,  Mr.  Watt 
crossed  in  her  from  Margate  to  the  Scheldt,  and  reached  Rotterdam  the 
next  day.  On  the  23rd,  he  proceeded  on  a  pleasure-trip  in  her  up  the 
Rhine ;  this  was  the  first  steam-vessel  that  was  ever  on  that  river.  He 
reached  Coblentz  on  the  13th  of  November,  and  as  the  vessel  drew  4  feet 
6  inches  water,  and  the  river  was  very  low  in  that  season,  she  could  advance 
no  further. 

When  the  Caledonia  returned  to  England,  she  was  employed  in  some 
experiments  to  determine  her  average  speed,  and  was  afterwards  sold  to  the 
king  of  Denmark. 

The  use  of  steam-vessels  having  been  since  introduced  into  the  Thames, 
it  was  much  promoted  by  the  labours  of  Mr.  William  Elias  Evans,  a  man 
of  considerable  skiU,  and  of  great  application  to  the  objects  of  his  profes- 
sion. He  served  an  apprenticeship  as  a  working  shipwright  in  a  private 
yard  at  Frinsbury,  and  became  very  expert  in  the  best  duties  of  his  business. 
He  appears  to  have  studied  the  constmctum  of  vessels,  at  the  same  time 
that  his  chief  attention  was  directed  to  the  practical  duty  of  building  them. 
When  he  had  passed  through  the  term  of  his  apprenticeship  he  went  to 
London,  and  there  designed  and  assisted  in  building  a  small  schooner : 
this  was  in  the  year  1815. 

In  1817  he  began  designing  and  building  steam-vessels;  the  first  of 
these  was  built  in  that  year,  to  be  employed  as  a  London  and  Gravesend 
packet,  and  was  called  the  Sons  of  Commerce.  This  was  followed  by  the 
Victory,  Margate  packet ;  the  London,  the  Favourite,  and  the  Diana,  all 
for  the  Thames. 

In  the  year  1821,  Mr.  Evans  was  engaged  to  build  the  first  two  steam- 
vessels  regularly  employed  in  the  service  of  the  post-office  for  the  convey- 
ance of  mails ;  these  were  the  Lightning,  of  205  tons,  and  80-hor8e  power ; 
and  the  Meteor,  of  189  tons,  and  60-horse  power.  They  were  both 
employed  with  distinguished  success  on  the  station  between  Holyhead  and 
Dublin.  He  built  a  great  number  of  other  steam-vessels  to  be  employed 
both  in  the  Thames  and  in  the  channel ;  among  others,  he  built  the  Medusa, 
which  was  distinguished  by  being  the  first  to  have  engines  with  oscillating 
cylinders.  One  characteristic  of  Mr.  Evans's  vessels  was  their  remarkable 
rise  of  floor,  as  the  Union,  PL  35,  fig.  1, — such  that,  in  some  instances, 
the  machinery  was  obliged  to  be  especially  adapted  to  this  condition  of 
their  construction,  being  single  engines,  and  placed  on  the  middle  line  of 
the  vessel.  But,  after  some  experience,  he  altered  the  form  of  his  vessels, 
and  gave  to  his  subsequent  designs  a  form  such  as  is  shown  in  PL  35,  fig*  2, 
of  the  Meteor.    The  course  of  Mr.  Evans  was  remarkably  rapid  in  success; 


i 


SECTIONS  &]L)IMEW;SID^S  OT  3'rJ5x\M  Y]SiSe^:K:LS  , 


I'L'itC  .:.L'a.. 


not  ,\,i  ■<.> 


Lfmfftit  bftu^e^n  M<r  Perp''*.  7S  ,  O 

D4!ptA  in  Hold         7    ,  /» 

Burt^4fn  ift  Terns  X*'J3 


77i€  Univft 


«A 


■so 

~T — 


a<» 


IP         w         w         <  t         o 

I     I     I    I    I    I    f    I    I~T1 


r/' /iff'/  /rr  Tn'/tfittf/f  ///  zf^ 

Jire*i<ftA    Krtr*'nt^  'jtZ  -4 

rrtf^tt/t/tY/  2J  .  It? 

/JfpfA  rrt  JfoM  7.7    .    S 
Jiurih^fi  ?>/  Tfyns  XT  2.96 U 


9? 


ao 


'P    — 


^''-HhtilifiY 


Dim^iJUfru           ^^ 

in 

Unuttt  h4*>^f4n  the  P<rp  '*          Ua  . 

7 

ot'  Ketil  tl^rTottntutr      /7W    . 

€f* 

BrmaMfrft    tiXtmm                              2S 

6 

nt,»uiU^J                       ■    2S    . 

O 

D*pth  in   Bo  LI                                   IS    . 

2 

Burthtn  Tons  J^-Mlt^. 

Fi^.I 


///i'  o/'  £^uiini/Y/h 


- 

- 

[    \ 

^    , 

^ 

fl--^ 

Lturth  hetwem  the  l*frp '"'      142 

ofKr^l  t'.trlorauitfr      J26 

Brntuhh  atinanr  2S 

tnouldftl  ZS 

DfpthmHpU  16 

Bt4jth4-n  VI  Tons  Iff  -*»  §S . 


in 

a 

8 
O 
i 


^>.^ 


Jam^'S  Watt , 


Sr<tl<    of'  Frrf- . 


■40 


^^> 


I 


I  I  I  I  M  IIEO 


STEAM-TESSBLS    BUILT    BT    MR.    BTANS.  291 

the  vessels  of  his  constniction  being  numerous^  and  many  of  them  distin- 
guished by  excellent  qualities,  as  well  as  by  the  length  of  service  they  per- 
formed. One  of  his  earUest  vessels,  the  Uniany  with  a  single  engine  placed  at 
the  middle  line,  still  runs  between  Portsmouth  and  Ryde  in  the  Isle  of  Wight. 

Being,  at  length,  desirous  to  introduce  some  novel  peculiarities  into  the 
steam-vessels  which  he  might  have  to  build,  his  employers  opposed  his 
wishes,  and  he  then  laid  down  one  on  his  own  account,  upon  the  plan 
which  he  had  formed.  This  vessel  was  afterwards  purchased,  to  be  taken 
to  Turin.  Another  of  his  steam-vessels  was  sent  to  Norway.  At  last,  Mr. 
Evans  himself  was  engaged  to  construct  and  build  steam-vessels,  upon  the 
plan  he  had  recently  adopted,  both  on  the  Lake  of  Greneva  and  at  Mar- 
seilles. He  died  in  the  south  of  Europe,  having  sustained  the  fame  abroad 
which  he  had  so  well  acquired  at  home,  by  his  skUl  and  inde&tigable 
exertions  in  this  one  branch  of  his  profession. 

Whilst  Mr.  Evans  was  pursuing  his  labours  on  the  Thames,  there  were 
others  engaged  there  in  carrying  out  the  same  useful  object.  In  1821, 
Messrs.  Wigram  and  Green  built  the  City  of  Edinburgh^  (PI.  36,  fig.  1,)  to 
ply  between  London  and  Leith ;  she  was  the  first  vessel  which  was  made  to 
ply  in  a  long  sea-passage.  Her  length  between  the  perpendiculars  was  134 
feet  9  inches,  extreme  breadth  25  feet  10  inches,  depth  in  the  hold  14  feet 
1  inch,  and  burden  in  tons  401|^.  She  was  fitted  by  Messrs.  Boulton  and 
Watt  with  two  engines,  of  the  collective  power  of  80  horses ;  her  paddle- 
wheels  were  on  the  second  motion,  18  feet  in  diameter,  and  8  feet  wide* 
Each  wheel  had  sixteen  paddles,  2  feet  broad.  The  blow-out  pipes,  brine- 
pumps,  and  the  bilge  injection,  were  first  used  in  this  vessel.  Her  draught 
of  water,  when  complete,  was  9  feet  3  inches ;  and  her  speed,  ascertained 
at  the  measured  mile,  was  8.4  miles  per  hour.  In  that  year,  Messrs.  Wood, 
at  Port  Glasgow,  built  the  James  Watty  (PI.  36,  fig.  2,)  for  the  same  trade. 
She  was  141  feet  9  inches  long  between  the  perpendiculars,  25  feet  6  inches 
in  extreme  breadth,  16  feet  7  inches  deep  in  hold,  and  tonnage  420||.  The 
form  of  this  vessel  was  deemed  much  in  advance  of  what  had  been  accom- 
plished up  to  that  time ;  she  had  her  greatest  transverse  section  at  the 
middle  of  the  length,  and  she  would  have  had  sponcings,  but  that  the 
custom-house  authorities  insisted  pn  measuring  her  at  the  greatest  breadth. 
All  her  floors  crossed  the  keel,  so  that  she  had  no  half  floors.  She  had 
two  engines,  of  the  collective  power  of  100  horses;  the  paddle-wheels  were 
on  the  second  motion,  18  feet  in  diameter,  9  feet  wide ;  and  each  of  them 
had  sixteen  floats,  24  inches  broad.  With  a  draught  of  water  of  10  feet 
6  inches,  her  speed  was  determined  at  the  measured  mile  to  be  10*03  miles 
an  hour.  The  value  of  steam-vessels  being  now  clearly  proved,  the  building 
of  them  went  on ;  and  in  1822  and  1823,  a  number  of  others  started, 
amongst  which  were  the  Touristy  Soho,  VemUy  and  City  of  Glasgow, 

The  use  of  steam-boats  was  now  to  a  considerable  extent  appreciated  in 
various  ported  of  England  as  well  as  of  Scotland,  and  their  number^  therefore, 
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greatly  increased.  The  city  of  Dublin  soon  afterwards  availed  itself  of 
their  advantages^  and  a  company  was  formed.  In  1824  the  Mersey  and 
lASf^  ^ei^  built  for  them  :  they  went  on  with  energy  in  the  establishment 
of  steam-navigation  in  Ireland.  Most  of  their  vessels  have  been  built  at 
Liverpool,  and  have  been  of  large  dimensions  and  power. 

It  was  the  part  of  Mr.  David  Napier,  by  whom  the  interests  of  steam- 
navigation  have  been  much  promoted,  to  determine  the  suitableness  of 
steam-vessels  to  navigate  the  ocean.  This  problem  was  solved  by  him  iso 
early  as  1818.  Having  ascertained  the  condition  of  a  rough  sea  in  St. 
George^s  channel,  he  considered  that  steam-vessels  could  be  made  capable 
of  bearing  it,  and  prepared  forthwith  to  make  the  experiment.  The  result 
was  the  establishment  of  a  regular  steam  communication  between  Greenock 
and  Belfast :  the  first  packet  that  plied  on  that  station  was  the  Rob  iZoy, 
of  about  90  tons  burden,  with  a  80-horse  power  engine.  This  vessel  was 
employed  afterwards  to  run  between  Dover  and  Calais.  For  when  the 
doubts  respecting  the  practicability  of  such  service  had  been  removed, 
regular  communications  were  secured,  by  means  of  steam-packets  running 
between  Holyhead  and  Dublin,  and  between  Southampton  and  Havre,  aa 
well  as  between  the  ports  already  mentioned. 

About  four  or  five  years  after  the  adaptation  t>f  steam-power  to  the 
navigation  of  the  ocean  bad  been  tried  in  the  Savannah,  the  question  of 
employing  steam-power,  in  order  to  obtain  a  quicker  passage  between 
Europe  and  India,  came  to  be  considered  both  in  England  and  the  East. 
Steam-navigation,  once  introduced  into  India,  would  bear  a  value  which 
might  be  estimated  by  reference  to  its  uses  both  in  Europe  and  America, 
apart  from  the  quickness  of  passage  to  which  it  would  contribute  between 
the  East  Indian  territories  and  the  mother  country.  In  the  year  1823,  a 
number  of  influential  persons  in  India  formed  themselves  into  a  committee 
to  encourage,  and,  under  the  countenance  of  the  Indian  government,  to 
provide  the  means  of  rewarding  any  individual  who  should  make  two 
successful  voyages,  by  steam,  to  India,  with  the  view  to  a  permanent 
establishment  of  that  means  of  communication  between  the  two  countries. 
The  Indian  government  was  willing  to  afford  pecuniary  aid  towards  that 
object.  Further,  the  governor  in  council  at  Bombay  addressed  a  letter  to 
the  court  of  directors,  presenting  a  plan  for  steam  communication  with 
England  vid  Suez.  We  give  the  following  quotations  from  that  letter,  as 
they  show  how  near  to  the  results  of  advanced  experience  the  calculations 
were  then  made. 

''  We  have  for  some  time  past  been  engaged  in  inquiries  respecting  the 
practicability  of  opening  a  communication  with  England,  through  Egypt, 
by  means  of  steam-vessels ;  and,  observing  from  the  public  prints  that  the 
subject  has  been  also  agitated  in  England,  we  consider  it  will  be  acceptable 
to  your  honourable  court,  to  be  placed  in  possession  of  such  information  as 
wc  have  obtained  on  the  subject ;  and  to  be  assured,  in  case  your  honour- 
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able  court  should  be  disposed  to  sanction  the  arrangement,  that  the 
difficulties  on  this  side  of  the  Egyptian  Isthmuis  are  not  greater  than  oh 
the  other. 

'^  The  distance  from  London  to  Bombay,  through  Egypt^  is  not  great, 
but  the  winds  in  the  different  seas  that  must  be  crossed  are  never  all  fair 
at  any  one  time ;  so  that,  if  the  passage  be  good  in  the  Mediterranean  or 
the  Indian  ocean,  it  is  bad  in  the  Bed  sea,  or  vice  versa.  For  this  reason, 
although  the  whole  passage  from  London  to  Bombay  was  once  made  in 
two  months,  yet,  it  generally  takes  three  months  to  go  from  Bombay  even 
to  Suez.  The  great  advantage  of  a  steam-boat  is,  that  it  is  independent 
of  the  wind.  It  would,  therefore,  go  through  all  the  seas  between  this  and 
England,  and  at  all  seasons,  nearly  at  the  same  rate. 

'^  The  average  rate  on  the  British  seas  appears,  by  the  report  made  to 
parhament  on  the  subject  of  steam-vessels,  to  be  about  eleven  miles  an 
hour :  one  boat  is  mentioned  as  going  ten  miles  an  hour  against  a  stiff 
easterly  wind.  Taking  eight  miles  an  hour  for  the  average  rate  (which  is 
very  moderate,  considering  that  the  whole  voyage  hes  through  seas  little 
subject  to  bad  weather),  and  supposing  the  distance  &om  Portsmouth  to 
the  mouth  of  the  Nile  (by  the  Straits  of  Gibraltar)  to  be  3000  miles,  and 
from  Suez  to  Bombay  as  much  more  (both  of  which  assumptions  are  con- 
siderably above  the  truth),  the  time  occupied  by  the  sea-voyage  would  be 
thirty-one  days,  the  Isthmus  might  easily  be  crossed  in  three  days,  and  the 
whole  would  take  only  thirty-four  days ;  not  exceeding,  by  more  tlian  a 
fortnight,  the  ordinary  period,  till  lately,  required  for  the  post  to  pass 
between  Bombay  and  Calcutta. 

"We  have  here  alluded  to  the  circuitous  communication  by  the  Straits  of 
Gibraltar,  because,  in  time  of  war,  when  quick  communication  is  most 
required,  we  might  not  be  able  to  send  the  packets  through  Prance;  the 
probabiUty,  however,  of  our  being  at  once  shut  out  from  all  the  routes 
across  the  continent,  and  all  the  ports  on  the  European  side  of  the  Medi- 
terranean, is  extremely  small ;  and,  by  any  of  them,  the  time  would  be 
much  short  of  what  we  have  estimated. 

"  Egypt  has  seldom  or  never  been  so  disturbed  as  to  stop  our  padcets ; 
but  if  it  were  so,  the  steam-boats  might,  for  the  time,  go  to  some  port  in 
Syria  on  the  one  side,  and  to  Bussora  on  the  other,  so  that  the  packet 
would  still  pass  with  great  rapidity,  though  not  so  quick  as  through  Egypt. 

*'  It  appears  to  us,  on  our  present  view  of  the  question,  that  two  boats 
on  each  side  of  the  Isthmus  would  be  quite  sufficient  to  allow  of  a  packet 
being  dispatched  regularly  every  month.''* 

It  does  not,  however,  appear  that  any  immediate  success  resulted  from 
these  proceedings. 


♦  Letter  from  the  governor  in  council  at  Bombay  to  the  court  of  directors  (public 
department),  dated  31st  May,  1823. 
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The  first  vessel  that  undertook  the  voyage,  being  fitted  with  steam- 
machinery  and  paddle-wheels,  was  a  barque  named  the  Falcon,  which  had 
been  previously  a  yacht  belonging  to  the  honourable  Mr.  Pelham,  after- 
wards earl  of  Yarborough.  This  happened  about  1825.  But,  as  the  vessd 
was  essentially  a  sailing  vessel^  and  used  steam  only  partially  on  the  passage, 
it  cannot  be  regarded  as  a  voyage  performed  by  means  of  that  power ;  yet, 
this  vessel  was  the  first  to  exhibit  steam-power  in  navigation  in  India. 
The  following  were  her  principal  dimensions : 

feet    ins. 

Length  between  the  perpendiculars         .         .         .         .  84?  0 

Length  of  keel  for  tonnage 68  4 

Breadth,  extreme 22  0 

Breadth,  moulded 21  4 

Depth  in  hold 11  5 

Burthen  in  tons,  175^}. 

On  arriving  at  Calcutta,  the  Falcon  was  bought  by  the  Indian  govern- 
ment ;  the  machinery  was  removed,  and  she  was  employed  for  commercial 
purposes,  as  a  sailing  vessel. 

This  event  was  soon  foUowed  by  the  voyage  of  the  Enterprise,  a  steam- 
vessel  of  470  tons,  and  120-horse  power.  Her  principal  dimensions  were, 
length  on  the  keel  122  feet,  and  breadth  27  feet  j  and  her  paddle-wheels 
were  15  feet  in  diameter.  She  set  out  from  England  in  August,  leaving 
the  land  on  the  16th,  and  reached  Calcutta  on  the  7th  of  December  fol- 
lowing. The  necessity  of  taking  a  large  stock  of  coals  deepened  the  vessel, 
and  her  speed  was  considerably  less  than  it  had  been  estimated  she  would 
have.  The  greatest  average  speed  of  any  twenty-four  hours,  under  the 
power  of  steam  alone,  in  a  calm  sea,  was  eight  knots  an  hour;  under  sail 
alone,  or  without  the  aid  of  steam,  it  was  8.79  mUes ;  and,  with  the  use 
of  steam  and  sails  together,  it  was  9.36  miles.  Out  of  the  113  days, 
between  leaving  England  and  arriving  at  Calcutta,  the  vessel  was  103  days 
under  way,  ten  days  being  spent  in  stoppages  for  renewing  the  supplies  of 
fuel,  &c.  She  was  fitted  up  chiefly  for  the  conveyance  of  passengers,  of 
whom  seventeen  went  out  in  her.  It  immediately  appeared  that  it  was  not 
advisable,  in  a  commercial  point  of  .view,  to  persevere  in  the  plan  which 
had  been  thus  begun.  And,  although  the  Enterprise  was  unfit  for  such  a 
service  as  this,  and  after  trial  it  was  seen  that  she  could  not  succeed  in  it, 
there  were  other  considerations  which  made  it  doubtful  whether  steam- 
navigation  to  India,  via  the  Cape  of  Good  Hope,  would  answer  at  all  as  a 
commercial  speculation.  When  the  Enterprise  arrived  at  Calcutta,  she 
was  sold  to  the  Indian  government  for  £40,000 ;  and  the  proprietors  were 
thereby  nearly  indemnified.  Steam-navigation  was  now  fairly  introduced 
into  India ;  and  it  was  made  the  means  of  executing  some  very  important 
services  for  the  East  India  company,  in  conveying  despatches  from  Calcutta 
to  Rangoon,  diuing  the  Burmese   war,  and  was  eminently  valuable  in 
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aiding  tbe  operations  of  tliat  campaign.  One  of  the  earliest  of  these 
services  was  that  of  conveying  duplicate  despatches  on  the  subject  of  the 
treaty  of  Malown^  which  at  once  established,  in  the  regard  of  that  govern- 
ment^ the  importance  of  employing  steam-vessels.  Captain  J.  H.  Johnston^ 
who  commanded  this  vessel^  says :  "  Her  first  voyage  to  Rangoon  and 
back  occupied  thirteen  days :  she  left  the  Sand-heads  on  the  7th  of  January, 
at  5  P.M.,  and  arrived  at  Rangoon  on  the  12th  of  January,  at  5  p.m.;  the 
distance,  620  miles :  she  left  the  Elephant,  which  is  at  the  entrance  of  the 
Rangoon  river,  on  the  14th,  at  6  p.m.,  and  arrived  at  the  Sand-heads  on  the 
18th,  at  6  P.M.  The  passage  from  Calcutta  generally  occupies  two  days, 
from  circumstances  of  tide  and  shallow  water  on  the  Janus  and  Mary.'^ — 
'^  I  arrived  at  Rangoon  a  week  after  his  majesty's  ship  ChampionhsA  sailed 
with  despatches  for  Calcutta.  I  returned  to  Calcutta,  took  in  coals,  and 
was  on  my  way  down  the  river,  when  the  CJiampion^s  boat  passed  me  with 
the  commander,  who  had  left  her  at  Sauger-roads.  My  speedy  arrival  with 
the  duplicate  despatch  of  the  treaty  of  Malown,  which  I  delivered  on  the 
fifth  day  after  leaving  Rangoon,  prevented  the  government  an  expense  of 
600,000  rupees,  by  arresting  the  march  of  troops  from  the  upper  provinces, 
the  execution  of  new  contracts  for  stores  and  provisions,  and  the  hiring 
of  transports.^'  "  Between  the  7th  of  January  1826,  and  the  20th  of  the 
following  September,  I  made  six  voyages  between  those  places,  and  a 
voyage  to  Chittagon  and  Akyab;  the  intervals  were  employed  in  river 
service.  The  Enterprise  was  afterwards  employed  -principally  in  conveying 
troops  and  stores  between  Calcutta  or  Madras  and  the  Tenasserim  pro- 
vinces, or  the  coast  of  Aracan ;  in  the  conveyance  of  treasure,  and  in  towing 
the  company's  ships  and  transports  to  and  from  sea.  Between  the  7th  of 
January  1826  and  the  18th  of  April  1829,  she  made  fifty-two  communica- 
tions between  different  ports,  conveying  1970  troops  and  other  passengers, 
and  2000  tons  of  stores ;  she  towed  eighteen  ships  to  and  from  Calcutta,  and 
his  majesty's  ship  Herald  from  Calcutta  to  the  south  end  of  Ceylon ;  she 
went  over  a  distance  of  about  28,600  miles.  Her  average  speed,  under 
steam,  was  4|  miles  per  hour ;  the  average  cost  of  coal  about  three  shillings 
per  mile ;  her  voyages  were  generally  performed  in  six  days  from  Calcutta."* 
The  navigation  of  rivers  in  India,  by  means  of  steam,  was  a  very  im- 
portant, and  yet  an  untried  object.  The  Enterprise  was  not  fit  to  attempt 
it ;  but  her  services,  in  a  freer  sphere  of  exercise,  suppUed  some  data  towards 
estimating  advantages  that  might  be  expected  from  the  extension  of  steam- 
navigation  into  the  interior  of  India,  with  suitably-constructed  vessels.  It 
was  a  question  for  consideration,  whether  the  river  steamers  should  not  par- 
take more  of  the  character  of  tugs  than  of  steamers  for  independent  service : 
there  were  pressing  occasions  for  the  two  descriptions  of  steam-vessels. 

I        ^ ,  - ■      I       .       _     [  _  _      ■  -■     in • — " -  -  ■  ■  I    -      I  _i_P        I .        _ 

*  Evidence  of  captain  J.  H.  Johnston,  before  a  select  committee  of  the  house  of  com- 
mons, in  the  year  1832. 


296 


A    HISTORY    OF   NAVAL    ARCHITECTURE. 


The  Diana  steamer  was  employed  in  India  very  usefully,  as  wdl  as  the 
Enterprise,  in  the  Burmese  war;  and  this  steamer  ascended  the  Irrawaddy 
river  as  far  as  Amarapoura,  having  on  board  the  British  resident  and  hie 
suite.  There  was  no  register  kept  of  the  proceedings  of  this  enterprise; 
but  it  was  stated  afterwards,  on  inquiry,  that  in  going  up  the  river,  the 
steamer  generally  travelled  thirty  miles  a  day, — ^having  to  oppose  the 
stream  in  September.  The  greatest  caution  was  always  necessary  in  going 
and  returning,  for  want  of  a  knowledge  of  the  river;  and,  as  the  steamer 
never  drew  less  than  six  feet  water,  considerable  diflSculty  was  found  in 
returning  in  December,  when  the  depth  of  water  in  the  river  had  diminished. 

The  next  step  in  the  progress  of  steam-navigation  in  India,  was  the 
building  of  two  boats  for  river  use ;  the  Hooghly  and  Burhampootur.  The 
following  were  the  principal  dimensions  of  these  vessels. 


NAMES. 

Lengthen 
deck. 

Breadth. 

Tonnage  by 
measure- 
ment. 

Power  of 
engines. 

Draught  of 

water,  fully 

laden  with 

coals. 

No.  of 

hours*  fuel, 

country 

coal. 

Consunp. 

tion  per 

hoar. 

Hboffhiy 

Burhampootur 

feet.  ini. 
105     2 

104     4 

feet. 
18 

18 

158 
156 

hone-power. 
2  of  25 

2  of  25 

4  feet. 
4  feet. 

84 
72 

Ihs. 
709 

709 

The  building  of  these  vessels  seems  to  have  resulted  directly  from  the 
feeling  of  want  springing  up  with  the  extension  of  British  power  in  India* 
^^  Soon  after  the  conquest  of  Assam,  the  difficidties  of  the  navigation  of 
the  Burhampootur,  from  the  strength  of  the  current  and  prevalence  of  east 
winds,  and  the  want  of  any  ready  means  of  communication  by  land  with 
the  upper  parts  of  the  valley,  suggested  to  Mr.  Scott  the  expediency  of 
applying  steam  to  secure  the  desired  facilities.  It  was  reckoned,  both  that 
the  troops  in  the  valley  might  be  more  easily  supplied  in  this  manner, 
and  that  a  great  reduction  might  be  made  in  the  number  kept  up,  if, 
through  the  use  of  steamers,  the  means  were  obtained  of  moving  them 
quickly  in  every  direction.  The  secretary  in  the  secret  and  poUtical  de- 
partment brought  these  circumstances  under  the  notice  of  government,  in 
a  note  recorded  in  the  political  proceedings  of  the  30th  September,  1825  ; 
and  it  was  resolved,  with  reference  to  the  opinion  of  captain  Forbes  and 
other  intelligent  persons  cited  by  Mr.  Swinton,  to  request  the  honourable 
the  court  of  directors  to  forward  two  pair  of  boat-engines,  capable  of  being 
applied  to  vessels  adapted  to  the  navigation  of  rapid  rivers.  The  power 
stated  as  requisite  for  the  purpose,  was  two  twenty-horse  engines  for  each 
vessel  to  be  built,  and  it  was  at  first  contemplated  that  both  the  steamers 
should  be  employed  in  the  Assam  Valley."* 


*  Parliamentary  paper,  No.  735,  seas.  1832 :  Note  by  H.  T.  Prinsep,  esq.,  secretary 

to  the  Bengal  government. 
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In  compliance  with  this  request^  the  court  of  directors  instructed  Mr« 
Maudslay  to  make  such  engines ;  but^  as  he  considered  that  the  power 
named  would  not  be  9u£Bicient  for  the  work  they  would  be  expected  to 
perform,  he  made  each  of  the  engines  of  the  power  of  twenty-five  horses. 
The  engines  were  sent  to  India  in  1826 ;  and  plans  were  sent  out  with 
them,  for  the  boats  in  which  they  were  to  be  fitted.  But,  on  the  supposi- 
tion that  the  vessels  would  not  be  commodious  enough  for  the  conveyance 
of  troops,  and  also  that  the  draught  of  water  would  be  diminished  by 
altering  the  plan,  Mr.  Seppings,  son  of  the  late  sir  Robert  Seppings,  the 
company^s  marine  surveyor,  proposed  alterations  for  these  two  boats.  With 
regard  to  one  of  them,  proposals  for  alterations  were  entertained,  and  the 
Howra  company  built  the  HoogUy  "  without  crooked  timbers,  and  with  a 
rectangular  section  across."  The  Burliampootur  was  built  by  Mr.  Kyd, 
according  to  the  plan  sent  from  England.  These  two  vessels  were  ready 
for  service  in  the  early  part  of  1828 ;  and  the  Burhampootur  was  intended 
to  be  employed  in  the  valley  of  Assam,  whilst  it  was  thought  better  to 
employ  the  Hooghly  in  more  general  service. 

Whilst  the  question  of  the  particular  employment  of  the  steam-vessels 
already  provided  in  India  was  occupying  attention  there^  the  governor- 
general,  lord  WilUam  Bentinck,  who  had  then  just  arrived  in  India  (July, 
1828),  deemed  it  better  to  take  a  more  extended  view  of  the  subject  of 
steam-navigation  in  relation  to  the  wants  of  India,  before  any  definite  plan 
of  service  was  carried  into  effect  on  a  small  scale.  A  committee  was  there- 
fore appointed  by  the  government  for  the  purpose  of  discussing,  in  all  its 
bearings,  the  establishment  by  government  of  a  sufficient  number  of  steam- 
tugs,  to  ensure  the  more  speedy  and  safe  navigation  of  the  river  Hooghly. 
The  various  and  great  advantages  that  were  expected  to  result  from  such 
a  measure,  were  pointed  out  in  the  report  in  which  their  discussion  termi- 
nated. And  they  proposed  that  government  should  equip  the  Enterprise , 
Irrawaddy,  and  Ganges  as  steam-tugs ;  and  in  the  event  of  that  proposal 
not  being  entertained,  they  ad^ised  that  steps  should  be  immediately  taken 
to  establish  two  tugs  of  the  following  burden  and  power :  one  of  about  270 
or  280  tons  burden,  and  furnished  with  two  engines  of  80-hor8e  power 
each,  and  copper  boilers ;  the  other  to  be  from  200  to  250  tons  burden, 
with  two  60-horse  engines. 

The  delay  required  for  the  further  consideration  of  steam-navigation,  at 
the  wish  of  the  governor-general,  suspended  the  operations  but  a  short 
time ;  for  early  in  September  the  Hooghly  set  off  on  her  experimental 
voyage,  under  the  command  of  Captain  Johnston,  of  the  Enterprise,  to 
explore  the  river  Ganges  up  to  Allahabad,  and  reached  that  place,  a  dis-> 
tance  of  798  miles  firom  Calcutta,  on  the  Ist  October;  the  average  speed 
having  been  about  3^  miles  an  hour,  and  the  rate  of  the  current  rather 
greater  than  that.  The  Hooghly  left  Allahabad  on  the  3rd  October,  and 
arrived  at  Calcutta  on  the  17th,  the  average,  velocity  having  been  nearly 
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seyen  miles  an  hour.  "  On  some  oocaaions/'  captain  Johnston  says,  "  we 
went  at  the  rate  of  ten  and  twelve  miles  per  hour ;  on  others,  as  in  cases 
of  shoal  water^  narrow  passes,  &;c.,  we  were  obliged  merely  to  drop  at  the 
rate  of  one  or  two  miles  per  hour. 

'^  The  experience  of  the  voyage  leaves  me  confirmed  in  my  belief,  that 
the  (ranges  may  be  advantageously  navigated  by  steam-vessels.  I  think  it 
very  desirable  to  make  another  experimental  voyage  in  the  driest  season, 
and,  being  experimental,  it  may  be  made  with  advantage  through  the  Sun- 
derbunds.^^  *  The  further  experiment  was  the  more  desirable,  as  the  vessel 
had  not  been  under  good  command  of  the  rudder ;  this,  coupled  with  the 
want  of  knowledge  of  the  river,  made  it  difficult  to  judge  what  might  be 
fairly  expected  as  to  the  time  in  which  the  passage  would  be  made  with  more 
efficient  pilotage.  The  boats  were  but  very  partially  suited  to  the  services 
required  of  them  in  the  rivers ;  and  it  was  perceived  to  be  difficult  to  unite 
in  the  same  boat  ^'  the  three  indispensable  qualities,  lightness  of  draught, 
speed,  and  capacity,^'  for  low-pressure  engines  were  used  in  all  the  boats 
then  in  India.  Captain  Johnston  proposed  therefore  to  supply  the  deside- 
ratum by  the  use  of  high-pressure  engines.  Whilst  the  experimental 
expedition  of  the  Hooghly  was  considered  to  have  been  made  under  almost 
all  possible  disadvantages,  the  result  "  furnished  sufficient  data  to  prove 
both  the  advantage  and  ease  of  steam-navigation,  in  point  of  celerity  and 
security,  over  every  other  method  then  in  use  upon  the  Ganges.^'  t 

The  Hooghly  made  her  second  experimental  voyage  up  the  Ganges  in 
the  spring  of  1829,  under  the  command  of  captain  W.  Warden,  of  the 
company's  marine,  leaving  Calcutta  on  the  17th  of  March.  The  point  at 
which  the  river  ceased  to  be  navigable  to  the  steamer  was  Rutchwa,  a  short 
distance  above  Benares, — a  distance  by  the  river  of  nearly  1000  miles. 
This  point  was  reached  on  the  9th  of  April,  and  the  return  was  made  in 
thirty  days,  the  vessel  reaching  Calcutta  on  the  10th  of  May. 

On  the  9th  of  January,  1830,  the  Hooghly  set  out  on  a  third  experi- 
mental voyage,  under  the  command  of  Mr.  A.  P.  Wall,  further  to  explore 
the  Ganges,  with  reference  to  steam-navigation.  The  passage  was  made 
only  as  far  as  to  Ghazeepore,  about  sixty-six  miles  below  Benares.  Mr. 
Wall  says,  "  It  would  appear  to  me  to  be  scarcely  possible  to  limit  the 
distance  which  a  vessel  of  the  Hooghly' a  draught  shall  proceed,  in  the  dry 
season,  up  the  Ganges,  as  she  is  as  liable  to  meet  a  barrier  of  sand  in  the 
lower  as  the  upper  part  of  the  river.  I  infer  this  from  having  found,  about 
two  miles  below  Secregully,  a  sand  extending  completely  across  the  river, 
and  the  deepest  water  on  it  being  only  five  feet  in  the  width  of  the  river 
to  this  place,  near  a  mile,  and  the  current  not  exceeding  one  mile  and  a 


*  Letter  from  captain  J.  H.  Johnston  to  the  secretary  of  the  Bengal  govemment, 
dated  24th  November,  1828. 
t  Letter  from  captain  T.  Prinsep,  to  the  same. 
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quarter  per  hour/'  *  The  vessel  reached  Ghazeepore  on  the  29th  of  Janu- 
ary ;  and,  leaTing  that  pbice  on  the  2nd  February,  she  reached  Calcutta  on 
the  15th  of  that  month. 

The  project  of  realizing  steam-navigation  in  India  was  never  allowed 
to  fall  into  depression  there.  The  various  measures  proposed  had  been 
carefully  considered,  and  every  effort  indicated  progress  towards  that  object. 
The  year  1829  was  distinctly  marked  with  some  of  these  events,  which 
were  yet  to  be  more  folly  developed*  Mr.  Thomas  Waghom,  who  had  been 
sent  to  this  country  from  India  by  the  government  there  in  1827,  '^  for  the 
purpose  of  establishing  steam-navigation  between  England  and  India,'' 
failing  almost  entirely  of  obtaining  patronage  for  doing  this  round  the 
Cape  of  Good  Hope,  was  advised  to  turn  his  attention  to  the  line  which 
was  first  recommended  by  the  Indian  government,  and  to  return  to  India 
by  the  Isthmus  of  Suez.  He  therefore  left  London  on  the  evening  of 
October  28,  crossed  over  the  continent  of  Europe  to  Trieste,  and  arrived  at 
Alexandria  on  the  27th  November,  at  8  a.m.,  three  days  and  seventeen 
hours  of  the  time  having  been  spent  in  stoppages.  A  statement  of  this 
journey  was  published,  with  the  view  to  draw  attention  to  the  subject. 

In  the  same  year  the  Hugh  lAndsay  steam-vessel  was  built  at  Bombay, 
and  was  launched  on  the  14th  of  October.  She  was  built  after  a  design 
that  had  been  sent  fix>m  England,  for  an  amved  steamer  in  the  Indian 
navy.  Her  principal  dimensions  were  as  follows :  length  of  the  keel  124 
feet  5  inches,  and  breadth  of  beam  24  feet  10  inches, — ^the  length  being 
about  five  times  the  breadth.  She  was  411  tons,  builders'  measurement, 
and  was  fitted  with  two  80-horse  power  engines.  She  was  intended  to 
carry  five  and  a  half  days'  coal ;  and  with  that,  she  drew  11  feet  6  inches 
water. 

Towards  the  dose  of  that  year,  a  prospectus  was  issued  by  a  Mr.  J.  W. 
Taylor,  whose  object  was  '^  to  establish  a  regular  communication,  by  means 
of  steam-vessels,  navigating  the  Mediterranean  and  the  Bed  sea,  between 
London  and  the  different  presidencies  of  India.  The  experience  afforded 
by  passages  made  by  steam-vessels  on  certain  parts  of  the  route  selected, 
justifies  the  expectation  that  intercourse  between  the  two  countries  may 
thus  be  effected  in  fipom  fifty-four  to  sixty  days."  t  Already  Mr.  Taylor 
had  been  engaged  four  years  in  forming  his  plans;  and,  in  association  with 
gentlemen  in  England,  in  providing  the  means  to  carry  them  into  effect. 
He  had  then  just  performed  a  journey  from  England  to  India  vid  Suez. 
He  says,  **  I  beg  leave  respectfolly  to  inform  your  excellency,  that  the 
requisite  number  of  steam-vessels  being  already  built  and  equipped,  a  com- 
mencement may  be  made  on  the  proposed  line  of  communication  within 
three  months  from  the  period,  when  the  assent  of  your  excellency's  govern- 
ment to  my  propositions  may  be  made  known  to  me. 

*  Letter  from  Mr.  A.  P.  Wall  to  captain  J.  H.  Johnston,  dated  12th  April,  1830. 
t  Prospectus  of  ui  establishment  of  steam-vessels,  dated  let  December,  1829. 
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'^  If  then  I  should  be  honoured  with  such  assent^  it  is  my  intention^ 
within  the  period  abeady  specified^  to  be  the  means  of  introducing  into 
British  India  such  a  number  of  first-rate  steam-vessels,  unexceptionable  in 
point  of  size  and  equipment^  as  will  enable  me  to  propose  myself  to  become 
a  general  carrier  to  all  the  Indian  governments,  both  for  England  and  in 
India,  and  will  admit  of  those  governments  maintaining  a  constant  and 
regular  communication  with  Great  Britain,  and  all  principal  parts  of  British 
India,  on  the  1st  and  15th  of  every  month."  * 

The  result  of  this  and  other  communications,  addressed  by  Mr.  Taylor 
to  the  government  at  Bombay,  was  an  official  letter  from  them  to  the  court 
of  Directors,  stating  that  they  considered  the  '^  honourable  court  alone 
competent  to  pass  a  decision  on  his  proposals ;"  but  they  strongly  recom- 
mended to  the  countenance  of  the  court  the  project  which  he  was  endea^ 
vouring  to  accomplish.  '^  We  b^  to  add  our  bpinion  that  no  doubt  can 
exist  of  the  practicability  as  well  as  utility  of  extending  steam-navigation 
to  Egypt  from  Bombay ;  and  that  we  shoidd  consider  it  a  most  fortunate 
circumstance,  if  our  attempts  to  promote  tliis  desirable  object  shall,  by 
indicating  such  to  be  the  case,  induce  men  of  enterprize  and  capital  to 
embark  in  an  undertaking  of  the  nature  proposed  by  Mr.  Taylor. 

''  The  plan  proposed  by  Mr.  Taylor  evidently  requires  great  and  com- 
bined means  to  give  it  eveu  a  prospect  of  success ;  we  are  of  opinion  that 
his  calculations  are  far  too  sanguine,  and  that  his  plan  is  on  too  lai^  a 
scale.  These  are,  however,  objections  to  his  scheme  that  may  easily  be 
obviated.  In  the  first  instance,  we  must  give  our  opinion  as  relates  to 
India,  that  the  undertaking  may  and  should  be  conducted  on  a  more 
limited  scale,  and  subsequently  extended  according  to  circumstances.  On 
the  degree  in  which  Mr.  Taylor  possesses  the  means  of  carrying  his  plans 
into  efiect,  or  can  command  them,  we  have  no  opportunity  of  judging ;  but 
this  we  deem  of  little  importance,  aa  your  honourable  court  can  easily 
determine  this  point, 

"  In  transmitting  these  proposals  for  your  consideration,  we  cannot  avoid 
expressing  our  decided  opinion  that  almost  incalculable  advantages  may  be 
anticipated  frt)m  a  well-established  steam  communication  by  the  Red  Sea, 
and  our  earnest  hope  that,  unless  other  proposals  of  individuals  have  been 
entertained,  and  their  plans  put  in  progress,  and  in  case  Mr.  Taylor's 
schemes  are  viewed  as  either  inexpedient  or  impracticable,  that  every  sup- 
port will  be  afforded  by  your  honourable  court  to  maintain  this  desirable 
communication  by  vessels  in  the  public  service.'^  f 

The  temper  of  the  court  of  directors  is  somewhat  strikingly  in  contrast 


*  Letter  from  Mr.  J.  W.  Taylor  to  sir  John  Malcolm,  governor  of  Bombay,  dated  Ist 
December.  1829. 

t  Letter  from  the  Bombay  govemment^  in  the  marine  department,  to  the  court  of 
directors,  dated  18th  April,  1830. 
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with  the  earnestness  of  the  Bombay  government.  Nearly  two  years  after 
the  ^eat  importance  of  establishing  a  line  of  steam-packets  between  Eng- 
land and  India  had  been  thns  urged  on  the  attention  of  the  court  of 
directors^  they  set  about  answering  the  letters  they  had  received  on  that 
subject.  The  expense  exceeded  what  they  were  willing  to  risk ;  they  had 
little  confidence  that  the  vessels  and  engines  which  might  be  provided 
would  turn  out  well,  not  regarding  the  probability  that  improvement  would 
advance  along  with  experience, — as  they  say,  **the  loss  from  defective 
vessels  or  engines  is  as  likely  as  ever  to  occur .^^  They  nevertheless  affirmed, 
that  they  were  '*  not  insensible  to  the  advantages  of  a  rapid  communication 
with  India,  and  of  the  importance  of  encouraging  the  application  of  steam 
to  that  purpose. 

^'  We  are  also  disposed  to  believe  that  a  steam  communication  by  the 
Bed  Sea,  and  still  more,  if  it  should  be  found  practicable,  by  the  Persian 
Gulf  and  the  river  Euphrates,  would  open  the  way  to  other  improvements, 
and  would  ultimately  redoimd  to  the  benefit  of  this  country  as  well  as  of 
India ;  and  if  our  finances  were  in  a  flourishing  state,  we  might  possibly 
feel  it  a  duty  to  incur  even  the  enormous  outlay  which  we  have  specified.* 
But  in  the  present  condition  of  our  resources,  we  cannot  think  the  probable 
difference  of  time  in  the  mere  transmission  of  letters  a  sufficient  justifica- 
tion of  such  an  expense.  We  cannot  anticipate  that  the  return  in  postage 
and  passengers  would  pay  more  than  a  very  small  portion  of  the  charge. 

^*  These  considerations  induce  us  to  pause  before  we  determine  the  great 
question  of  engaging  in  any  project  of  this  character  at  present ;  not  seeing 
our  way  clear  to  such  a  result  as  would  justify  the  expense,  we  shall  not 
authorise  any  further  steps  in  the  matter. 

**  At  the  same  time  we  deem  the  subject  too  important  to  be  lost  sight 
of,  or  hastily  dismissed.''  t 

The  Hugh  Lindsay  was,  however,  engaged  to  make  a  passage  from  Bom- 
bay to  Suez  and  back,  and  was  in  the  actual  performance  of  that  object,  in 
April,  1830,  when  the  letter  was  written  by  the  government  at  that  place ; 
and  this  passage  had  been  twice  repeated,  as  will  be  shown  presently, 
before  the  court  of  directors  gave  any  instructions  on  the  subject. 

The  following  passages  from  the  pen  of  commander  J.  H.  Wilson,  of  the 
Indian  navy,  who  commanded  her  in  the  four  voyages  from  India  to  the 
Bed  Sea,  will  show  in  what  way  the  steam  navigation  of  that  line  was 
begun :  "  When  it  was  determined  that  she  should  attempt  the  voyage  to 
Suez,  it  became  necessary  to  put  on  board  double  the  quantity  of  coal 
the  vessel  was  built  to  carry,  to  do  which,  a  great  part  of  the  space 
originally  intended  for  accommodation  was  appropriated  to  the  stowage  of 
coal ;  water  also  was  necessary,  sufficient  for  use,  imtil  the  vessel  should 

*  jeiOOjOOO  per  annum. 

t  Letter  from  the  court  of  directors  to  the  governor  in  council  at  Bombay  (public 
department),  dated  14th  March,  1632. 


*-.t 
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reach  land,  in  the  event  of  a  break-down  with  the  engines  between  Bombajr 
and  the  first  depdt ;  as  also  stores  and  provisions  for  the  whole  voyage  to 
and  fiom  the  Bed  Sea.  With  all  this,  in  a  vessel  originally  intended  to 
carry  five  and  a  half  days'  coal,  and  eveiy  thing  else  proportionate,  and 
drawing  13  feet  6  inches  instead  of  11  feet  6  inches,  the  Hugh  Lindsay 
started  for  the  Bed  Sea  on  the  20th  March,  1880,  colonel  Campbell,  of  the 
Bombay  artillery,  beiiig  the  only  passenger.  A  post>  office  packet  was  con- 
veyed, containing  806  letters,  the  postage  of  which  amounted  to  1176 
rupees*  The  coal  dep6ts  were  Aden,  Judda,  Cossier,  and  Suez.  At  first 
starting  from  Bombay,  the  engines  made  11^  revolutions,  and  the  distance 
actually  run  by  chronometers  gave  about  five  knots  an  hour;  more,  of 
course,  appears  by  log,  from  the  wash  of  the  paddles.  The  season  was 
rather  an  unusual  one,  for  firom  the  Bombay  bank,  until  to  the  westward 
of  Socotra,  light  westerly  breezes  were  experienced,  but  the  water  was 
generally  smooth.  On  the  81st  March,  at  1  p.m.,  the  Huffh  Lindsay 
anchored  at  Aden,  with  only  about  six  hours'  coal  remaining,  having  per- 
formed the  passage,  a  distance  of  1641  miles,  in  ten  days  nineteen  hours ; 
the  latter  part  of  the  stage  the  engines  mRlring  nineteen  revolutions,  and 
the  vessel  going  good  eight  knots.  Much  delay  and  inconvenience  was 
experienced  firom  paddle-boats  and  boards  getting  loose.  Scarce  a  day 
passed  without  the  engines  being  stopped  to  set  them  right ;  and  of  the 
ten  days  nineteen  hours  occupied  on  the  passage,  nine  hours  forty-seven 
minutes  were  lost  in  stoppages.  At  Aden  we  were  detained  five  days  and 
twenty  hours  in  receiving  the  necessary  quantity  of  coal,  owing  to  the 
want  of  means  at  the  place  for  shipping  it,  and  other  obstacles. 

''  On  the  6th  April,  at  9  a.m.,  left  Aden  for  Mocha,  having  on  board 
despatches  for  that  place,  and  on  the  7th,  at  9  a.m.,  anchored  in  Mocha 
roads.  The  weather  from  Aden  to  the  Straits  had  been  pleasant,  with 
smooth  water :  firom  the  Straits  to  Mocha  a  fresh  southerly  breeze  was 
experienced.  It  must  be  observed,  the  vessel  lay-to  some  time  before  day- 
light, to  avoid  passing  the  port,  or  a  better  run  would  have  been  made,  the 
engines  having  made  seventeen  revolutions,  and  the  vessel  averaged  seven 
knots. 

'^  On  the  8th,  at  half-past  5  a.m.,  started  for  Judda  with  a  light  breeze 
and  smooth  water,  the  engines  making  eighteen  revolutions,  and  the  vessel 
going  about  seven  knots  and  a  half.  On  the  10th,  a  north-wester  set  in, 
which,  varying  in  strength,  continued  till  we  arrived  off  Judda,  at  times 
reducing  the  revolutions  to  eleven,  and  the  way  actually  made  to  about 
three  knots.  One  of  the  pieces  or  arcs  of  the  paddle-drdes  was  lost  in 
this  stage  of  the  voyage,  as  before  mentioned,  and  one  of  the  holding-down 
bolts  broken.  On  the  12th  of  April,  at  6  p.m.,  anchored  off  Judda,  haring 
made  the  passage  jErom  Mocha,  distant  557  miles,  in  four  days  twelve  hours. 

''  On  the  17th,  having  been  four  days  and  a  half  at  Judda,  owing  to  the 
dilatorineas  of  the  agent  in  sending  off  coal,  we  left  for  Suez«  with  variable 
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breezes  and  smooth  water^  the  engines  making  seventeen  revolutions,  the 
vessel  going  about  seven  knots.  On  the  18th,  a  north-wester  set  in, 
which  continued  tiU  the  2l8t,  varying  in  strength,  at  times  reducing  the 
revolutions  to  ten  and  a  half,  and  the  vessel's  rate  to  scarcely  three  knots. 
The  north-wester  having  taken  off,  in  running  up  the  sea  of  Suez,  with 
smooth  water  and  a  light  northerly  breeze,  the  revolutions  increased  to 
twenty,  and  the  vessel's  rate  to  nine  knots.  On  the  22nd  April,  at  a 
quarter  past  8  a.m.,  the  Hugh  Lindsay  anchored  in  Suez  roads,  having 
performed  the  voyage  from  Bombay  in  twenty-one  days  six  hours'  steam- 
ing, and  thirty-two  days  sixteen  hours,  all  stoppages  included.  At  this 
time,  had  a  steamer  been  in  readiness  at  Alexandria,  three  days  would  have 
conveyed  the  packets  there,  from  whence,  in  twenty-five  days,  they  would 
have  reached  England.  Thus,  notwithstanding  all  the  delays  at  the  dep6ts, 
the  communication  between  India  and  England  would  have  been  accom- 
plished in  sixty-one  days.  This  first  voyage,  therefore,  was  anything  but 
a  failure  as  far  as  the  HiLgh  lAndsay  was  concerned;  and,  looking  only  to 
the  time  occupied  in  steaming,  was  very  satisfactory.  As  no  arrangements 
were  made  on  the  Mediterranean  side  of  the  Isthmus,  it  would  have  availed 
little,  however  quick  the  voyage  from  Bombay  to  Suez  had  been  made.'' 

The  passage  from  Suez  to  Bombay  was  performed  partially  under  cir- 
cumstances quite  favourable  as  to  time.  The  necessary  supply  of  coals 
having  been  taken  in,  the  Hugh  Lindsay  left  Suez  on  the  26th,  at  half-past 
5  p.m.,  and  arrived  at  Cossier  on  the  28th,  at  half-ast  8  a.m.  It  must  be 
noted  that  the  engines  had  been  on  half-power  from  midnight  till  daylight, 
as  the  port  could  not  be  entered  in  a  dark  night. 

"  On  the  30th  April,  having  received  a  small  quantity  of  coal,  and  there 
being  no  passengers,  quitted  Cossier  for  Judda,  where  we  arrived  on  the 
9th  May,  at  4  p.m.  On  this  stage,  variable  winds  were  experienced  till 
near  Judda,  when  a  strong  north-wester  sprang  up,  but  the  engines  were 
on  half-power  the  night  previous  to  making  the  shoals  off  that  port,  it 
being  dangerous  to  approach  them  except  in  the  day-time. 

"  On  the  6th  May  started  for  Mocha,  at  which  place  communications 
for  the  presidency  were  to  be  received  from  the  agent  and  the  surveying 
vessels  in  the  sea.  On  the  9th,  arrived  at  Mocha,  having  experienced 
throughout  the  stage  variable  southerly  breezes.  A  supply  of  tallow  being 
requisite,  some  difficulty  was  experienced  in  procuring  it,  and  the  vessel 
detained  two  days  in  consequence. 

'^  On  the  12th  May,  started  for  Aden,  and  arrived  there  on  the  13th. 
Here,  nearly  six  days  passed  in  getting  on  board  the  coal,  from  the  weather 
being  unfavourable,  and  the  want  of  boats  and  men  at  the  place. 

'^  On  the  19th,  at  half-past  5  a.m.,  started  for  Bombay,  where  we  arrived 
on  the  29th  May,  having  performed  the  voyage  from  Suez  in  nineteen  days 
fourteen  hours'  steaming,  and  thirty-three  days,  all  stoppages  included. 
It  is  clear,  therefore,  that  as  packets  could  be  brought  from  England  to 
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Alexandria  in  twenty-five  days^  and  from  thence  to  Suez  in  three  more,  the 
Hugh  lAnd$ay  would,  in  this  instance^  have  broi^ht  packets  from  home  in 
sixty -one  days,  notwithstanding  the  great  portion  of  time  lost  at  an  anchor. 
It  must  be  admitted  no  very  bad  weather  had  been  experienced  on  the 
passage  to  Suez^  and  on  the  way  back  from  Aden  to  Bombay,  the  westerly 
winds  and  favourable  currents  having  set  in^  expedited  in  some  degree  the 
performance  of  that  stage  of  the  voyage ;  but  still,  with  co-operation  in  the 
Mediterranean,  the  result  of  the  voyage  would  have  been  very  encouraging." 

In  the  following  December  the  Hugh  Lindsay  made  a  second  passage 
from  Bombay  to  the  Red  Sea;  not,  however,  to  Suez,  but  to  Cossier,  300 
miles  from  the  isthmus,  on  the  bank  of  that  sea,  and  about  100  miles  from 
Ghenna  on  the  Nile :  she  was  seventeen  days  in  performing  the  passage, 
and  five  days  at  anchor, — together,  22  days.  In  January,  1832,  a  third 
passage  was  made  from  Bombay  to  the  Bed  Sea,  extending  to  Suez.  The 
practicability  of  the  passage  was  now  demonstrated  as  to  the  most  favour- 
able seasons,  that  is,  during  the  prevalence  of  the  north-east  monsoon;  but 
it  was  by  no  means  certain,  from  the  performances  of  the  Hugh  Lindsay y 
that  the  passage  could  be  made  irrespectively  of  the  seasons,  or  in  the 
south-west  monsoom  That  vessel  was  not  fit  to  make  so  bold  an  experi- 
ment as  it  required  to  decide  this  question.  Her  construction  and  power 
were  not  suited  to  contend  against  the  south-west  monsoon,  from  Ceylon 
or  Bombay  to  the  strait  of  Babelmandel. 

Captain  James  Henry  Johnston  and  lieutenant  Thomas  Waghom  are 
the  two  gentlemen  by  whose  intelligent  and  vigorous  exertions  the  subject 
of  steam  navigation  to  India  was  presented  to  the  English  nation,  in  its 
best  phases  of  desirableness  and  practicability.  Mr.  T.  L.  Peacock,  of  the 
India-house,  devoted  a  great  amount  of  careful  attention  to  the  collecting 
of  information  on  this  subject,  and  he  was  brought  to  the  same  decided 
opinion  of  the  practicability  of  that  passage  as  captain  Johnston  and 
Mr.  Waghom. 

But  captain  Wilson  of  the  Hugh  Lindsay,  who  must  be  supposed  to  have 
had  the  greatest  experience  of  any  one  at  that  time  on  that  subject,  was  of 
a  contrary  opinion ;  for  he  aflBrmed,  very  confidently,  that  it  was  not  prac- 
ticable to  maintain  a  steam  communication  between  India  and  Suez  during 
the  south-west  monsoon.  An  article,  written  by  him,  and  printed  in  a 
parliamentary  paper  in  1834,*  is  full  of  statements  and  arguments  aiming 
to  discredit  those  contained  in  an  address  printed  by  lieutenant  T.  Waghom, 
on  the  practicability,  desirableness,  and  advantage  of  establishing  a  regular 
communication  by  steam  between  Europe  and  India.  It  is  not  necessary 
now  to  say  that  events  have  refuted  the  soundness  of  captain  Wilson  s 
arguments ;  for  they  have  added  one  to  the  host  of  proofs,  that  it  is  unwise 
in  any  person  to  affirm  the  impracticability  of  what  he  cannot  do,  if  he  has 

*  Ko.  478,  session  1834. 
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no  other  data  than  his  own  experience^  or  rather  want  of  experience,  to  rest 
his  arguments  upon.  In  this  case,  it  was  merely  negative  evidence,  and 
experience  soon  proved  it  to  have  been  misapplied.  Mr.  Waghorn  gave 
it  as  his  opinion,  that  neither  the  Enterprise  nor  the  Hugh  Lindsay  could 
perform  the  passage  against  the  south-west  monsoon ;  but  that  *^  a  steamer 
built  for  the  purpose  could  do  it.^^ 

In  the  year  1832  the  subject  of  steam  navigation,  both  vnth  and  in  India, 
came  to  be  more  thoroughly  inquired  into,  when  the  afi'airs  of  the  East 
India  company  were  under  investigation  by  a  select  committee  of  the  house 
of  commons.  In  that  inquiry,  the  whole  circumstances  of  the  transactions 
affecting  this  object  were  brought  out.  Much  valuable  information  on  the 
subject  was  communicated  by  Mr.  Peacock,  of  the  East  India-house,  who  had 
made  himself  acquainted  with  almost  every  thing  that  had  been  done,  both 
in  developing  the  feasibleness  of  the  plan  which  had  been  before  the  Bombay 
government,  and  in  the  facts  of  what  had  been  practically  accomplished. 

When  experience  had  proved  the  value  of  internal  steam  navigation  in 
India,  it  became  necessary  to  consider  how  far  the  difficulty  of  navigating 
the  rivers  might  be  diminished,  by  diminishing  the  draught  of  water  of  the 
vessels ;  as  there  were  certain  limits  beyond  which  the  vessels  already  so 
employed  could  not  go,  which  might,  as  it  appeared,  be  exceeded  hy  vessels 
drawing  less  water,  with  a  greater  power  of  engines,  whilst  such  would  be 
far  better  amongst  the  shoals  and  other  difficulties  generally  in  the  river 
navigation.  The  Hooghly  and  Burhampootur  had  but  partially  met  the 
wants  of  the  service ;  and,  as  it  seemed  that  iron  vessels  could  be  built 
which  should  draw  less  water  than  wooden  vessels,  orders  were  given  by 
the  East  India  company  for  two  vessels  to  be  built  of  this  material  in 
England,  that  its  suitableness  might  be  tried,  as  to  its  lightness,  and  the 
speed  of  the  vessels  also  ascertained  here,  under  the  required  conditions 
of  construction.  They  were  to  draw  2  feet  water;  one  to  be  a  steam-tug- 
boat, the  other  an  accommodation-boat,  both  of  the  same  dimensions, — 
120  feet  long,  by  22  feet  wide,  flat-bottomed.  The  engines  were  to  be 
two  of  thirty-horse  power  each,  with  vibrating  cylinders,  on  account  of 
lightness.  On  the  result  of  the  experiment  to  be  made  with  this  pair  of 
boats  was  suspended  the  decision  of  the  directors,  as  to  the  building  of 
other  similar  boats— four  pairs  of  such  having  been  considered  necessary, 
if  they  should  fulfil  their  intentions.  These  were  then  to  navigate  the 
interior  of  India,  leaving  the  Hooghly  and  Burhampootur  to  navigate  the 
lower  part  of  the  river.  The  Indus  too,  with  the  other  rivers  of  the 
Punjaub,  presented  a  wide  scene  for  inland  navigation,  which  might  be 
realised  by  steam-vessels  with  much  higher  results  than  the  common  craft 
of  the  country  could  effect.  We  see  in  these  early  efforts  an  approxima- 
tion to  what  has  been  really  accomplished ; — for  the  success  of  the  first 
effort  at  getting  a  very  high  power  of  engines  in  relation  to  the  draught  of 
water  led  to  the  building  of  other  iron  boats,  of  similar  description,  by 
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Messrs.  Miller  and  Ravenhill^  Mr.  Laird^  and  Messrs.  Forrester  and  Co.^ 
to  be  employed  in  the  same  way.  The  effects  which  followed  the  use  of 
these  boats  have  been^  extended  intercourse  with  the  natives^  increase  of 
trade^  and  economy  and  expedition  in  the  transport  of  troops.* 

When  the  use  of  steam-vessels  was  so  far  advanced  in  India  as  to  give 
a  practical  bearing  to  the  project  of  extending  it  from  Bombay  or  Calcutta 
to  Suez^  the  route  by  the  Persian  gulf  and  the  river  Euphrates  came  to  be 
more  seriously  considered^  as  that  line  would  not  be  subject  to  obstruction 
by  the  south-west  monsoon.  The  physical  capabilities  of  the  line  were 
generally  ascertained ;  at  the  same  time^  the  uncertainty  attaching  to  the 
political  conditions  of  the  countries  which  would  have  to  be  passed  through, 
made  it  undesirable  to  enter  hastily  upon  a  plan  which  should  risk  the 
safety  of  passengers  who  might  embark  in  the  vessels,  by  selecting  that 
line  of  transit.  Further,  the  necessity  of  the  packets'  lying  &t  anchor 
during  the  night,  would  make  the  passage  of  the  river  tedious ;  so  that, 
even  if  the  distance  were  so  much  shorter  than  it  would  be  to  Suez,  as  to 
make  it  on  that  consideration  desirable,  the  journey  would  be  the  more 
wearisome,  as  much  time  must  elapse  which  would  bear  no  account  in 
performing  the  journey.  It  may  be  sufficient  now  to  observe,  that  the 
line  by  the  Euphrates  appeared  desirable  on  scarcely  any  other  supposition, 
than  that  of  the  impracticability  of  reaching  Suez  at  aU  times  of  the  year. 
Whilst,  therefore,  a  doubt  remained  on  that  subject,  the  Euphrates  was 
always  looked  at  with  interest  by  many  who  were  desirous  that  England 
and  British  India  should  be  mutually  benefited  by  steam  communication. 

Practically,  the  subject  seems  to  have  made  no  further  progress  for 
some  time.  Two  years  elapsed,  and  the  question,  involving  so  great  con- 
sequences, was  taken  up  by  the  house  of  conmions,  and  a  "  select  committee 
was  appointed  (in  1834)  to  inquire  into  the  means  of  promoting  communi- 
cation with  India,  by  steam.'^  The  practicability  of  expeditious  communi- 
cation between  Bombay  and  Suez  had  by  this  time  been  brought  to  the  test 
of  experiment  in  five  seasons,  during  the  north-east  monsoon,  at  the  expense 
of  the  Indian  government ;  but,  up  to  that  time,  it  had  not  been  tried  in 
the  period  of  the  south-west  monsoon.  During  eight  months  of  the  year 
it  was  practicable ;  but,  for  the  rest,  further  experience  was  needed. 

Before  this  time,  steam  navigation  had  become  the  established  means  of 
conveying  the  mail  between  Falmouth,  Malta,  and  Corfu,  vessels  belonging 
to  the  government  being  used  as  the  packets.  The  means  thus  existed  on 
this  side  of  Egypt^  to  co-operate  with  what  it  was  sought  to  provide,  and 
what  was  in  the  course  of  development,  beyond  that; — ^needing,  however, 
some  extension  of  arrangements  to  realize  the  full  results. 

Up  to  the  beginning  of  the  year  1830,  sailing  packets  were  employed  in 
that  service :  these  required  about  three  months,  on  an  average,  to  perform 

*  For  a  fuller  account  of  steam  navigation  in  India,  see  Appendix,  No.  1- 
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the  passage  from  Falmouth  to  Corfu ;  the  mean  rate  of  sailings  in  a  consi- 
derable number  of  voyages,  being  only  27  miles  per  hour. 

On  the  5th  of  February,  1830,  the  Meteor  government  steam-packet  left 
Falmouth  with  the  mail  for  the  Mediterranean,  and  instead  of  taking  three 
months  to  reach  Corfu,  she  arrived  at  Falmouth  on  her  return,  in  forty- 
seven  days,  being  about  one-fourth  of  the  time.  The  packet  that  left 
England  in  the  following  month  was  conveyed  by  a  sailing-vessel;  the 
Osborne  left  Falmouth  on  the  6th  of  March,  and  reached  Corfu  on  the  13th 
of  June;  but  the  Echo  steam-vessel,  which  left  England  on  ibhe  6th  of 
April,  had  reached  her  destination  and  returned ;  and  even  the  Meteor, 
which  conveyed  the  mail  from  England  in  May,  delivered  her  charge  before 
the  Osborne  arrived,  and  was  again  in  England  in  nine  days  after  the 
sailing-vessel  reached  Corfti.  Perhaps  few  of  the  early  services  of  steamers 
in  conveying  the  mail-packets,  exhibited  more  strikingly  the  relative  supe- 
riority of  steamers  to  sailing-vessels  than  was  shown  in  these  passages. 

The  African,  Carron,  Columbia,  Confiance,  Echo,  Firebrand,  Hermes, 
Messenger,  and  Meteor  were  regularly  employed  in  monthly  passages  from 
Falmouth  to  Corfa,  till  June,  1832.  The  longest  passage  out  and  home 
was  that  of  the  Meteor  (fifty-five  days)  in  May  and  June,  1831 ;  and  the 
shortest  was  that  of  the  Messenger  (thirty-six  days)  in  August  and  Septem- 
ber, in  the  same  year :  the  average  was  about  forty-five  or  forty-six  days, 
including  all  stoppages, — at  Cadiz,  Gibraltar,  and  Malta  twice,  and  Corfu 
once,  on  each  voyage,  making  together  about  thirteen  days  expended  in 
stoppages.  On  the  9th  of  July,  1832,  the  Meteor  left  England  with  the 
mail,  having  for  her  ultimate  destination  Patras,  in  the  Morea.  The  average 
time  of  twenty-one  voyages  out  and  home,  was  forty- nine  days ;  but  the 
Alban,  in  a  voyage  not  included  in  this  average,  was  absent  sixty-nine  days, 
having  had  to  encounter  strong  gales,  generally  adverse.  The  stoppages 
occupied  about  twelve  days.  The  arrangements  of  this  country  needed, 
therefore,  but  little  addition  to  co-operate  efficiently  with  any  plan  beyond 
the  isthmus  for  the  establishment  of  steam  navigation  between  England 
and  India. 

In  this  state  of  steam  navigation,  the  committee  recognized  the  impor- 
tance of  making  the  line  complete  to  India.  And  they  said,  ''It  is 
expedient  that  measures  should  be  immediately  taken  for  the  regular 
establishment  of  steam  communication  firom  India  by  the  Bed  Sea;''  and 
as  to  carrying  that  object  into  effect,  they  were  of  opinion  that  it  should 
be  left  to  the  British  ''  government,  in  conjunction  with  the  East  India 
company,  to  consider  whether  the  communication  should  be,  in  the  first 
instance,  from  Bombay  or  fit)m  Calcutta,  or  according  to  the  combined 
plan  suggested  by  the  Bengal  steam  committee ; ''  and  that  "  the  net 
charge  should  be  divided  equally  between  his  Majesty's  government  and 
the  East  India  company,  including  in  that  charge  the  expense  of  the  land- 
conveyance,  from  the  Euphrates  on  the  one  hand,  and  the  Bed  Sea  on  the 
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other^  to  the  Mediterranean."  In  the  uncertainty  of  being  able  to  nan- 
gate  the  Euphrates  during  the  whole  year,  as  well  as  of  steaming  from 
India  to  the  Bed  Sea  against  the  monsoon,  it  was  considered  ''  eminently 
desirable  "  that  the  practicability  of  navigating  the  Euphrates  at  all  seasons 
should  be  ascertained,  in  order  that  the  advantages  which  were  represented 
to  be  in  the  prospect  of  that  event  might  also  be  realized  ;  and  it  was  sug- 
gested, that  by  occupying  each  line  in  the  respective  periods  when  the  physi- 
cal difficulties  had  disappeared,  the  passage  might  be  easily  made  through* 
out  the  year ;  "  the  physical  difficulties  on  the  line  of  the  Red  Sea  appearing 
to  be  confined  to  the  months  of  June,  July,  Augilst,  and  September ;  and 
those  of  the  river  Euphrates  to  the  months  of  November,  December,  Janu- 
ary, and  February.'*  The  committee  recommended  to  the  government  an 
extension  of  the  line  of  Malta  packets  to  such  ports  in  Egypt  and  Syria  as 
would  complete  the  communication  between  England  and  India. 

The  government  began,  therefore,  immediately  to  carry  these  objects 
into  effect ;  the  first  thing  was  to  give  directions  to  the  admiralty  to  com- 
plete the  monthly  communication  of  packets  in  the  Mediterranean,  by 
sending  a  steam-packet  from  Alexandria  to  Malta;  this  was  done  in  August, 

1834.  And  this  arrangement  was  carried  into  complete  effect  in  February, 

1835.  About  the  same  time  that  the  government  directed  the  admiralty 
to  extend  the  line  of  packets  to  Egypt,  the  court  of  directors  sent  out 
instructions  to  the  governor-general  of  India  to  send  the  Hugh  Lindsay  at 
stated  periods  to  Suez.  During  this  time  the  character  of  the  Euphrates 
was  still  further  explored  by  colonel  Chesney,  under  the  sanction  of  the 
India  board,  to  whom  that  object  was  confided  by  parliament ;  and  the 
governor  of  Bombay,  and  afterwards  the  home  authorities,  established  a 
dromedary  post  from  Bagdad  to  Damascus,  and  from  Damascus  to  Beyrout, 
for  the  more  rapid  transmission  of  mails  between  England  and  India.  The 
beneficial  effects  of  these  arrangements  were  soon  felt  in  India,  as  the 
Bombay  government  noticed  in  a  despatch  to  the  court  of  directors,  m 
September,  1836,  in  which  they  say,  that  "  the  three  last  overland  mails 
have  brought  despatches  from  London  to  Bombay  in  58,  45,  and  64  days ; 
and  those  intended  for  Calcutta  have  been  forwarded  in  ten  days.^^  The 
despatch  containing  this  information,  and  bearing  date  the  16th  September, 

1836.  did  not  reach  England  till  the  beginning  of  the  following  year,  as 
the  steam  communication  between  the  two  countries  had  not  been  estab- 
lished with  regularity,  nor  with  a  frequency  which  satisfied  the  public  wants. 
The  delay  in  carrying  the  plans  into  full  effect,  was  owing  partially  to  the 
continued  uncertainty  whether  the  route  by  the  Euphrates  was  feasible, 
and  if  so,  whether  it  would  be  advisable  to  give  the  preference  to  it ;  a»d 
this  decision  could  not  be  arrived  at,  apart  from  the  information  which 
colonel  Chesney  was  employed  in  getting. 

The  Peninsular  steam  navigation  company  was,  however,  formed ;  and 
before  the  government  took  measures  to  establish  a  regular  and  frequen 
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communication  with  India  by  steam,  they  opened  a  correspondence  with 
that  company,  which  had  in  view  the  line  of  communication  from  England 
to  India.  After  some  delay,  the  committee  of  that  company  made  their 
report,  in  which  was  the  following  statement. 

^^  The  company  propose  to  despatch  monthly  from  England  a  steam- 
vessel,  of  competent  power  and  size,  to  touch  at  Cadiz,  Gibraltar,  Malta, 
and  Alexandria,  taking  to  those  places  his  Majesty's  mail-bags,  &c.,  as  now 
performed  by  the  government  vesseb ;  the  postage  relating  to  those  mails 
remaining,  as  at  present,  in  the  hands  of  his  Majesty's  government.  Tha^ 
the  most  efficient  plan  be  adopted  by  the  company  for  the  transmission 
of  despatches,  letters,  &c.,  to  India,  across  the  isthmus  of  Suez,  to  meet 
the  proposed  company's  vessels  in  the  Bed  Sea,  from  whence,  in  the  first 
instance,  it  is  intended  they  should  be  &rwarded  to  Bombay.  That  a 
vessel  start  also  every  month  from  Bombay  to  the  Red  Sea.  That  aU 
government  despatches  and  letters  to  and  from  India,  together  also  with  a 
messenger  (if  so  required),  be  taken,  free  of  every  charge  whatever,  other 
than  the  general  annual  amount  hereinafter  stated ;  but  all  private  letters, 
&c.,  be  chargeable  with  a  sea-postage  in  favour  of  the  company,  and  the 
company  protected  against  private  carriage  of  letters  by  parcels,  &c.,  as 
exists  in  this  country ;  the  inland  postage  in  respect  of  those  letters  to  be 
in  the  hands  of  the  government.  That  the  government  give  the  proposed 
company  a  contract  for  a  period  of  years  to  be  agreed  upon,  and  an  annual 
sum  of  £40,000  for  performing  the  above  services ;  the  company  entering 
into  a  sufficient  contract  for  the  regular  and  proper  fulfilment  of  their 
undertaking,  subject  to  accustomed  risks  and  liability.  That  the  East 
India  company,  in  consideration  of  their  despatches  being  carried  by  the 
proposed  company,  pay  iS25,000  per  annum ;  a  proper  contract  being  also 
entered  into  with  them  for  the  fulfilment  of  the  engagement. 

^^  The  committee,  anxious  to  afford  every  explanation  to  his  Majesty's 
government  and  the  East  India  company,  have  no  hesitation  in  disclosing 
their  calculation  of  the  expenses  attending  the  performance  of  the  under- 
taking, which,  after  allowing  only  £5  per  cent,  on  capital,  amoimt  to  the 

annual  sum  of £136,500 

Required  of  the  government  as  above       .        .     £40,000 
Ditto  of  the  East  India  company  ditto     .         .       25,000 

65,000 


Leaving  a  deficiency  of  £71,500 

which  the  company  will  defray.  They  will  also  find  the  necessary  capital, 
which,  in  the  outset,  is  estimated  at  £250,000 ;  but  as  the  other  presi^ 
dendes  are  brought  into  the  operation,  an  increased  proportionate  outlay 
will  be  required.'* 

At  this  time  the  company  was  in  its  most  elementary  state,  having 
but  just  organized  the  plan  and  opened  its  share-list.     The  proposals  were 
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referred  to  the  post-office  authorities  for  consideration ;  and  Col.  MabeHr 
reported  to  the  postmaster-general^  that  '^  the  sum  that  was  demanded  from 
the  government  was  altogether  out  of  proportion  with  the  value  of  the 
service  to  be  performed/^  and  the  cost  at  which  it  was  then  executed.  The 
lords  of  the  admiralty  and  the  India  board  came  to  similar  conclusions^  of 
the  inexpediency  of  entering  into  the  proposed  contracts.  The  various 
considerations  given  to  the  question  brought  the  matter  down  to  Februaiy, 
1837,  when  the  court  of  directors  directed  their  secretary  to  express  to  the 
India  board  their  "  opinion  that^  in  order  to  ensure  the  efficiency  and  per- 
manency of  steam  communication  with  India^  it  should  be  established  and 
maintained  by  his  Majesty^s  government  and  the  East  India  company. 
They  desire  distinctly  to  state  their  readiness  to  concur  in  the  establish- 
ment of  a  monthly  steam  communication  with  India  by  the  way  of  the  Bed 
Sea,  upon  the  principle  which  was  recommended  by  the  committee  of  the 
house  of  commons  in  1834^  and  to  which  they  have  on  former  occasions 
referred,  viz.,  an  equal  division  of  the  expense  between  his  Majesty's  govern- 
ment and  the  East  India  company. 

"  The  court  submit,  that  the  expense,  to  be  thus  divided,  should  be  the 
charge  which  might  be  actually  incurred  for  the  object  to  be  effected ;  and 
as  his  Majesty's  government  have  already  a  packet  establishment  for  other 
purposes  between  Falmouth  and  Malta,  the  conveyance  of  the  India  mails, 
to  and  from  Malta,  would  not  be  attended  with  any  charge  to  his  Majesty's 
government.  The  expense  of  the  necessary  establishment  beyond  that 
place  is,  therefore,  all  that  would  be  incurred  on  account  of  India,  and, 
consequently,  all  which  the  East  India  company  should  be  called  upon 
to  share. 

"  The  court  being,  however,  anxious  that  the  settlement  of  this  ques- 
tion should  be  no  longer  delayed,  are  willing,  as  his  Majesty^s  govern- 
ment have  extended  the  packet  communication  from  Malta  to  Alexan- 
dria, to  waive  the  claim  which  India  might  possess  to  a  share  in  the 
postage,  which,  in  such  case,  would  be  received  by  his  Majesty's  govern- 
ment to  and  from  Bombay^  instead  of,  as  at  present,  to  and  from  Alex- 
andria," * 

When  the  question  was  under  the  deliberation  of  the  lords  of  the  trea- 
sury, they  came  to  the  conclusion  that  the  line  of  steam  communication 
ought  not  to  be  limited  to  Bombay,  but  extended  to  Calcutta ;  but  as  they 
did  not  see  a  prospect  of  gaining  the  consent  of  the  directors  to  that  plan, 
they  ultimately  acquiesced  in  that  which  the  directors  had  proposed,  ex- 
pecting to  have  a  favourable  opportunity  to  extend  it  to  Calcutta,  when  it 
should  appear,  in  the  course  of  experience,  that  the  interests  of  India  and 
England  demanded  it  to  be  done. 

♦  Letter  from  Mr.  Melvill  to  Mr.  Gordon,  the  secretary  of  the  India  board,  dated 
let  February,  1837. 
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The  plan  was  sooa  determined  on^  subject  to  the  limitation  proposed  by 
the  court  of  directors ;  and  the  arrangements  having  been  concluded^  the 
court  sent  out^  on  the  2nd  June^  1837,  a  despatch  to  the  governor-general 
of  India^  with  directions  as  to  the  way  in  which  it  was  to  be  carried  into 
effect.  It  was  as  follows :  '^1.  We  have  the  satisfaction  to  acquaint  you, 
that  we  have  concluded  an  arrangement  with  his  Majesty^s  government  for 
the  establishment  of  a  monthly  steam  communication  between  Great  Britain 
and  India  by  way  of  the  Bed  Sea.  2.  His  Majesty^s  government  under- 
take the  transmission  of  the  monthly  mails  between  Great  Britain  and 
Alexandria,  at  the  sole  charge  of  the  public ;  and  we  have  undertaken  the 
transmission  of  these  mails  between  Alexandria  and  Bombay,  upon  the 
condition  that  one-half  of  the  expense  which  we  may  incur  in  the  purchase, 
equipment,  maintenance,  and  navigation  of  steam-vessels,  (including  the 
value  of  any  which  we  may  already  possess,  and  which  may  be  applied  to 
this  purpose,)  or  on  any  other  account  for  the  service,  shall  be  paid  to  us 
in  London,  at  the  termination  of  each  year,  we  consenting  to  relinquish  to 
his  Majesty^s  government  the  whole  of  the  postage  between  London  and 
Bombay.  3.  It  is  our  desire  that  this  arrangement  take  effect  forthwith, 
and  with  that  view  we  shall  direct  the  government  of  Bombay  to  send  the 
Hugh  Lindsay  to  Mocha,  for  the  purpose  of  her  being  regularly  employed 
in  conveying  the  mails  between  that  place  and  Suez,  and  to  despatch  the 
Atalanta  and  Berenice  on  alternate  months  to  Mocha.  4.  We  are  aware 
that  a  fourth  steamer  will  ultimately  be  necessary,  and  we  shall  adopt 
measures  for  providing  one.  5.  We  shall  immediately  contract  for  the 
purchase  of  a  large  quantity  of  coals  for  consignment  to  Bombay  and  to 
Mocha  respectively." 

The  Atalanta  was  616  tons,  builders^  measurement,  and  had  two  engines 
of  105  horse-power  each.  She  carried  one  long  gun  to  throw  a  hollow 
shot  of  48  lbs,  and  four  of  Dickson's  32-poimders.  The  Berenice  was 
664^^  tons,  builders'  measurement,  and  had  two  engines  of  115  horse- 
power each.  She  carried  one  long  gun,  as  the  Atalanta,  and  two  of  the 
smaller  guns. 

At  the  same  time,  whilst  the  court  of  directors  were  unwilling  to  extend 
the  steam  communication  with  India,  at  its  first  starting,  beyond  Bombay^ 
yet  the  governor-general  was  instructed  to  order  an  experiment  to  be  made 
with  one  of  these  large  steam-vesseb,  in  a  passage  from  Calcutta  to  Madras 
and  Ceylon,  and  thence  across  the  Indian  Ocean  to  Socotra,  and  up  the 
Bed  Sea  to  Suez,  in  order  to  determine,  practically,  the  result  of  such  an 
experiment.  At  the  same  time  that  the  East  India  company  made  the 
arrangement  for  the  steam-packet  communication  beyond  Alexandria,  the 
board  of  admiralty  made  corresponding  arrangements  for  the  employment 
of  government  steam-vessels  between  Falmouth  and  Egypt,  at  monthly 
periods,  to  give  effect  to  what  was  done  beyond  that  point.  These  were 
the  steps,  and  this  is  the  plan,  on  which  a  regular,  periodical  communication 
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between  England  and  the  East  Indies  came  to  be  established  for  the  con- 
veyance of  the  mails  and  other  things. 

The  company  which  was  in  the  course  of  formation,  when  both  the 
government  and  the  East  India  company  saw  that  the  time  had  arrived  for 
requiring  a  more  regular  and  certain  transmission  of  the  mails  between 
his  country  and  the  East,  went  on  in  the  development  of  their  resources 
and  plans ;  and  in  September,  1837,  the  admiralty  entered  into  a  contract 
with  that  company  as  the  "  Peninsular  steam  navigation  company,'^  for  the 
employment  of  steam-vessels  of  not  less  than  140  horse-power,  to  convey 
the  post-office  mails  weekly  from  Falmouth  to  the  several  ports  of  Vigo, 
Oporto,  Lisbon,  Cadiz,  and  Gibraltar.  This  service  was  diminished,  after 
f  even  years  and  a  half,  to  the  sending  of  a  packet  three  times  in  a  month. 
Before  this  time,  however,  (in  September,  1840,)  the  government  had  dis- 
continued employing  their  own  steamers  on  the  line  between  England  and 
Egypt,  and  had  contracted  with  the  same  company  to  occupy  this  line  with 
vessels  of  not  less  than  400  horse-power.  In  1843,  the  East  India 
company  entered  into  an  engagement  with  the  same  company — ^now  the 
''  Peninsular  and  Oriental  steam  navigation  company  '^ — ^for  the  regular 
employment  of  steamers,  in  nmning  once  a  month  from  Suez  to  Calcutta, 
for  the  conveyance  of  mails  and  other  things ;  and  on  the  1st  of  January, 
1845,  the  government  and  the  East  India  company  together  arranged  with 
that  company  for  the  employment  of  ships  of  larger  capacity  and  higher 
power  on  the  same  line,  delivering  and  receiving  packets  at  Ceylon  and 
Madras.  These  arrangements  did  not  at  all  interfere  with  the  original 
establishment  of  the  East  India  company's  line  of  packets  between  Bombay 
and  Suez  :  the  Acbar,  Atalanta,  Auckland^  Cleopatra^  Queen,  Semiramis, 
Sesosiris,  and  Victoria  are  now  appropriated  to  that  service.  At  a  period 
later  by  two  years,  the  packet  service  in  India  was  extended  to  China  also. 

Attention  seems  to  have  been  rather  slow,  in  perceiving  both  the  im- 
portance and  facility  of  steam  communication  between  England  and  North 
America.  The  great  consequences  to  these  two  very  enterprising  com- 
mercial countries,  of  having  quick  and  certain,  as  well  as  regular  commu- 
nication with  each  other,  cannot  be  easily  defined ;  and  yet  the  practicability 
of  obtaining  this  had  been  demonstrated  several  years  before  the  idea  was 
entertained  here  with  a  practical  bearing, — demonstrated  too  by  means  of 
a  British-built  steam-vessel,  but  with  no  object  in  which  Great  Britain  was 
immediately-  interested.  The  Curaqoa  steamer,  of  400  tons'  burden,  and 
fitted  with  two  50-horse  power  engines,  was  purchased  in  England  by  the 
Dutch  government.  She  performed  the  first  voyage  from  Helvoetsluys  to 
Surinam,  in  27  days  11  houi*s ;  and  from  Surinam  to  Cura9oa  in  5  days,— ■ 
32  days  11  hours,  in  which  she  steamed  11  days  3  hours.  She  steamed 
23i  days  on  her  return,  and  performed  this  passage  in  29  days.  The 
average  consumption  of  fuel  was  7*14  pounds  to  a  horse-power  in  an  hour. 
Tho,  second  voynge  out  was  in  March  1828 :  she  started  from  Hevoetshiys  on 
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the  1st  of  the  months  and  arrived  at  Surinam  on  the  25th  of  the  months  and 
anchored.  The  greatest  distance  run  in  any  twenty-four  hours  on  this 
passage^  was  207  miles,  with  the  power  of  sails  and  steam  united.  The 
fires  were  up  thirteen  days  eighteen  hours,  but  steam  was  employed  alone 
only  a  small  portion  of  this  time,  whilst  the  vessel  was  sailing  without 
steam  from  the  15th  to  the  24th  of  the  month,  inclusively.  The  weather 
was  generally  favourable  during  this  passage.  The  third  voyage  was  per- 
haps  better  suited  to  try  the  fitness  of  a  steamer  to  navigate  the  ocean 
generally,  as  she  had  to  encounter  '^  several  severe  gales  and  hurricanes, 
during  which  the  machinery  worked  without  interruption  or  accident.^' 

These  voyages  suppUed  data  which  might  be  used  whenever  the  spirit  of 
enterprise  should  make  the  Atlantic  ocean  the  sphere  of  steam-navigation, 
on  the  part  of  Great  Britain. 

In  the  year  1832  the  Royal  William^  of  1200  tons,  and  180-horse  power, 
made  a  voyage  from  Picton  in  Nova  Scotia,  to  England,  and  arrived  at 
Portsmouth,  having  steamed  the  whole  distance,  in  twenty  days.  She  had 
been  built  at  Quebec  for  a  company,  to  run  between  Quebec  and  Halifax, 
and  her  engines  were  constructed  at  St.  Mary^s  foundry,  Montreal ;  but 
instead  of  being  employed  according  to  the  original  plan,  she  was  sold  to 
the  Portuguese  government. 

In  1835,  that  object  gained  some  attention  in  England;  and  the  result 
of  that  attention  was  the  formation  of  the  Great  Western  steam-ship  com-^ 
pany,  in  1836.  Captain  Christopher  Claxton,  R.N.,  was  one  of  the  most 
active  of  the  individuals  engaged  in  that  object.  It  devolved  on  him  to 
collect  the  information  on  which  the  plans  and  proceedings  of  the  company 
should  be  based.  It  appeared,  as  the  result  of  all  this  information,  ^^  that, 
for  the  purpose  of  carrying  cargo  as  well  as  passengers,  the  most  speedy 
and  certain  passage,  the  greatest  economy  of  power,  and  the  best  assurance 
of  a  profitable  return  for  the  capital  invested,  would  require  a  vessel  of  at 
least  1200  tons.^'  *  It  was  estimated  that  the  passage  from  England  to 
America  by  a  vessel  of  that  size,  properly  constructed  and  fitted,  would  be 
considerably  less  than  twenty  days,  and  the  return  made  in  thirteen  days  ; 
whereas  the  average  outward  passage  of  sailing-packets  between  Liverpool 
and  New  York  was  thirty-,  six,  and  the  homeward  passage  twenty-four  days. 

Upon  the  information  thus  gathered,  and  conclusions  arrived  at  there- 
from, the  company  built  their  first  vessel,  the  Great  Western,  of  the  follow- 
ing dimensions,  tonnage,  and  power :  length  between  the  perpendiculars 
212  feet,  over  all  236 ;  extreme  breadth  of  beam,  35  feet  4  inches ;  depth 
of  hold  23  feet  3  inches ;  load-draught  of  water,  16  feet ;  burthen  in  tons, 
1340 ;  engines,  400-horse  power,  constructed  by  Messrs.  Maudslay,  Sons, 
and  Field. 

The  Great  Western  was  complete  and  ready  for  sea  in  the  spring  of  1838, 

*  Captain  Claxton's  Report,  1st  January,  1836. 
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and  was  adrertised  to  make  her  first  royage  from  Bristol  to  New  York,  in 
April.  The  object  of  establishing  a  line  of  communication  between  Great 
Britain  and  the  United  States  of  America^  was  now  regarded  as  so  impor- 
tant^ that  there  were  at  least  three  competitors  for  the  honour  of  making* 
the  first  voyage  across  the  Atlantic.  The  first  of  these  was  the  Great 
Western,  She  had  been  completed  in  her  fittings  in  the  river  Thames, 
and  setoff  from  London  on  the  morning  of  the  31st  March^  on  her  passage 
to  Bristol,  which  had  been  advertised  as  the  port  of  her  departure  for  New 
York  on  the  7th  of  April.  In  this  passage  she  was  subject  to  a  small 
accident,  in  the  combustion  of  some  felt,  which  had  been  placed  too  high 
up  on  the  boilers ;  and  it  appears  that  the  alarm  produced  by  this  untoward 
event  acted  prejudicially  to  her  first  passage,  as  she  took  out  then  only 
seven  passengers.  The  speed  on  this  passage  down  the  channel  was, 
however,  most  encouraging  to  the  proprietors,  the  average  speed  from 
London  to  Bristol  being  12*88  miles  an  hour.*  The  next  steamer  to  con- 
tend for  this  honour  was  the  Sirius,  belonging  to  the  St.  Gheorge  steam- 
packet  company,  and  chartered  by  them  to  the  British  and  American 
steam-navigation  company,  to  be  employed  by  them  till  their  new  vessel 
(the  British  Queen)  should  be  ready.  The  third  candidate  for  this  distinc- 
tion was  the  Columbus ;  she  was,  however,  too  late  in  her  preparations  to 
appear  on  the  scene  of  actual  competition ;  and  the  trial  was  made  by  the 
two  others. 

The  Sirius  left  Cork  on  the  morning  of  the  4th  of  April,  1838,  bound 
for  New  York,  having  on  board  thirty  state-cabin,  twenty-nine  fore-cabin, 
and  thirty-five  steerage  passengers ;  and  she  arrived  at  New  York  in  the 
evening  of  the  22nd.  The  Great  Western  left  Bristol  on  the  8th  of  that 
month,  and  arrived  at  New  York  on  the  morning  of  the  23rd.  The  passage 
determined  the  relative  powers  of  speed  most  conclusively  in  favour  of  the 
Great  Western ;  this  ship  having  left  Bristol  four  days  after  the  Sirius  left 
Cork,  and  having  therefore  a  greater  distance  to  run  by  more  than  200 
miles,  she  nevertheless  arrived  eight  hours  after  the  Sirius,  A  contem- 
porary journal  says,  "  Their  arrival  appears  to  have  created  even  a  stronger 
sensation  in  New  York,  than  their  departure  in  England ;  and  not  unna- 
turally ;  the  winning-post  is  always  a  place  of  keener  interest  than  the 
starting-post.  In  this  case  also  there  were  two  starting-posts,  but  only  one 
goal.'^  Their  return  from  America  confirmed  the  evidence  of  the  relative 
merits  of  the  two  vessels  which  had  been  borne  by  their  outward  ])assage  : 
the  Sirius  left  New  York  on  the  Ist  of  May,  in  the  afternoon,  and  reached 
Falmouth  in  the  evening  of  the  18th,  being  over  seventeen  days  on  the 
passage ;  the  Great  Western  left  New  York  on  the  7th,  and  arrived  at  Bristol 
on  the  22nd,  having  run  the  passage  in  exactly  fourteen  days,  and  beaten 

*  Civil  Engineer  and  Architect's  Journal,  May  1838  :  distance,  670  miles ;  time,  62 
hours,  not  including  6^  hours'  stoppage,  on  account  of  the  accident. 
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the  Sirius  at  the  rate  of  about  two  miles  an  hour  on  the  passage.*  The 
estimation  of  which  the  Great  Western  was  worthy,  seems  not  to  have  been 
disparaged  at  New  York  by  the  accident  which  had  excited  fears  before 
she  left  England,  as  she  brought  home  sixty-six  passengers,  5,555  letters, 
and  1,760  newspapers,  besides  a  quantity  of  merchandise. 

The  Great  Western  kept  steadily  to  her  object ;  and  no  sooner  had  her 
proprietors  witnessed  the  splendid  results  of  their  enterprise  in  the  return 
of  that  vessel  from  her  first  voyage,  than  they  met  and  determined  to  build 
another  steam-vessel  for  the  same  trade,  of  even  greater  tonnage  than  this 
ship.  She  set  off  on  her  second  outward  passage  on  the  2nd  of  June,  and 
arrived  at  New  York  on  the  17th,  completing  the  run  in  fourteen  days 
sixteen  hours,  having  taken  out  fifty-seven  passengers.  Her  next  return 
was  accomplished  in  twelve  days  fourteen  hours. 

The  arrangements  for  the  two  rivals  in  their  second  voyage  did  not 
show  the  same  cutting  competition  ^  had  marked  their  first  passage  out- 
wards ;  for  the  SiriiLS  had  started  soon  enough  to  arrive  at  New  York  on 
the  day  after  the  Great  Western  left  England.  After  making  this  second 
voyage  irova  Liverpool  to  New  York  and  back,  the  Sirius  was  taken  off  the 
line,  and  sent  early  in  August  with  passengers  firom  London  to  St.  Peters- 
burg. The  vacancy  thus  made  by  the  withdrawal  of  the  Sirius  was,  how- 
ever, immediately  filled  by  the  Royal  William,  which  left  Liverpool  on  the 
5th  of  July,  bound  to  New  York.  On  the  21st  of  that  month,  the  Great 
Western  left  Bristol  on  her  third  voyage,  carrying  out  at  this  time  131 
passengers :  she  performed  the  passage  in  fourteen  days  and  eighteen  hours. 
The  Great  Western  continued  to  occupy  the  line,  irrespectively  of  com- 
petition, although  the  government  refused  the  tender  of  the  Great  Western 
company  for  the  conveyance  of  the  North  American  mails,  and  subsequently 
contracted  with  Mr.  Cimard  to  perform  that  service  from  Liverpool. 

It  was  in  the  winter  of  1839  that  Mr.  Cunard  came  to  England,  and 
first  proposed  his  plans  to  the  government  for  this  object ;  f  and  the  result 
of  that  proposal  was  a  contract,  that  he  should  establish  and  maintain,  for 
seven  years,  a  line  of  steam-packets,  of  large  size  and  power,  to  leave  Liver- 
pool twice  each  month  for  Halifax,  and  leave  Halifax  as  often  for  Liverpool, 
conveying  the  post-office  mails.  The  effect  of  this  arrangement  was  a  great 
increase  in  the  facilities  of  travelling  and  conveying  information,  as  the 
number  of  vessels  was  required  to  be  such  that  they  could  leave  at  certain 
and  short  intervals  of  time.  Three  vessels  were  at  first  supposed  to  be 
enough  for  this  service.  Mr.  Cunard  therefore  conferred  with  Mr.  Robert 
Napier,  of  Glasgow,  and  forthwith  made  arrangements  with  Mr.  J.  Wood, 
of  Greenock,  for  the  building  of  the  Acadia,  Britannia,  and  Caledonia,  and 
with  Mr.  Napier  for  the  construction  of  their  engines. 

*  Description  of  the  Great  Britain  steam-ship,  hy  captain  Claxton,  R.N. 
t  Parliamentary  paper,  No.  563,  session  1846. 
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The  following  were  the  principal  dimensions  of  these  vessels^  with  their 
power,  &c. : 


NAMES. 

Length 
betwet  n 
perpen- 
oieiuars. 

Extreme 
breadth. 

Depth 
in  hold. 

Burthen 
in  tons. 

Horse- 
power of 
Engines. 

Acadia 

Britannia .... 
Caledonia. . . . 

Feet. 
206 

206 

206 

Ft.    Ins. 
34     6 

34     6 

34     6 

Ft.    Ins. 
22     6 

22     6 

22    6 

1136 
1155 
1139 

1 

440 
450 
450 

Diameter 

of 
Cjlinder. 

Length  of 
Stroke. 

Diameter 
of  Wheel. 

No.  of 
tons  to 
l-horse 
power. 

Inches. 

Ft.    Ids. 

Feet. 

72 

6     10 

28 

2-58 

— 

— 

28 

2-57 

— 

28 

2-53 

The  conveyance  of  the  mails  was  paid  for  at  the  rate  of  £2115  firom 
Liverpool  to  Halifax  and  hack.  Experience  soon  showed  that  it  was  neces- 
sary to  employ  four  vessels^  to  maintain  this  line  with  efficiency ;  and  in 
1844,  Mr.  Canard  brought  into  that  service  the  Cambria  and  Hibemia,  of 
1314  tons  and  SOO-horse  power,  and  1349  tons  and  500-horse  power, 
respectively, — ^the  government  having  agreed  to  give  him  £80,000  a-year 
on  condition  of  his  employing  five  boats,  having  them  also  of  larger  size. 
The  relative  power  to  tonnage  was  nearly  the  same  in  these  lai^r  vessels, 
as  that  which  had  been  determined  for  the  first  that  were  built  for  the 
same  service. 

The  following  small  table  and  remarks  were  published  before  Mr. 
Cunard's  larger  vessels  were  built,  and  ar&  quoted  for  the  interesting 
results  exhibited. 


Vessel's  name. 

Tonni^. 

Horse- 
power. 

Acadia 

Oriental 

Great  Western . . 
Great  Liverpool . 

1200 
1670 
1340 
1543 

440 
440 
450 
464 

Britiih  Queen  . . 

2016 

500 

President 

2366 

540 

Liverpool  (before 
alterations). . . . 

1150 

404 

Proportion  of  tonnage 
to  power. 


1  h.  p. 
1  h.  p. 
1  h.  p. 
Ih.  p. 

lh.p. 
1  h.  p. 

1  h.  p. 


2}  tons 
4    tons 

3  tons 
3^  tons 

4  tons 
4itons 

21  tons 


Remarks. 


Exceedingly  fast. 
10^  knots  when  deep. 


f  Fast  when  light,  and  light 
\  stem  breeze. 

{Slow  under  any  circum- 
stances. 

Slow  and  crank. 


"  In  the  above  table  I  have  endeavoured  to  place  the  vessels  in  the  order 
of  speed — an  average  westerly  passage  across  the  Atlantic  being  supposed 
to  be  the  work  performed.  The  Oriental  and  Great  Western  are,  I  think, 
about  equal — ^as  also  the  President  and  Liverpool  (before  alterations). 

^^  It  will  be  observed,  that  though  the  proportion  is  the  same  both  in  the 
Oriental  and  British  Queen,  yet  it  cannot  be  questioned  that  on  every 
point,  and  most  especially  when  the  vessels  are  deep,  the  Oriental  has  the 
advantage. 
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"  It  may  also  be  mentioned  that  the  Liverpool  has  had  seven  feet  more 
beam  given  her^  and  is  now  393  tons  larger  than  formerly ;  the  proportion 
of  power  has,  therefore,  been  decreased,  whilst  her  speed  and  weatherly 
qualities  have  been  materially  increased. 

"  Also^  the  four  first  and  best  vessels,  and  which  vary  least  in  their  speed, 
in  bad  weather,  have  more  beam  (in  proportion  to  their  length)  than  the 
other  three. 

*'  It  appears  to  me,  that  more  depends  on  the  form  and  construction  of 
the  vessel,  than  on  having  a  large  engine  power."* 

The  small  discrepancy  in  the  stated  tonnage  which  this  table  may  show, 
compared  with  the  preceding  table,  in  which  the  Acadia  is  stated,  according 
to  official  documents,  to  be  1136,  instead  of  1200  tons,  is  not  sufficient  to 
affect  the  general  principle  which  this  communication  was  intended  to 
illustrate. 

The  starting  of  the  British  Queen  and  the  President,  though  they  were 
inferior  in  speed,  affected  this  line  in  a  commercial  point  of  view :  and, 
afterwards,  when  the  GrecU  Britain  began  to  run  (the  President  having,  a 
considerable  time  before,  been  lost),  the  extraordinary  character  of  that 
excellent  ship  placed  her  on  an  eminence  to  which  she  was  looked  up  with 
admiration  by  all  who  were  interested  in  steam  navigation. 

The  Great  Western  Steam-ship  Company  having  resolved  in  1838  to 
build  a  second  ship,  larger  than  their  first,  they  resolved  also  to  realize  in 
her  the  utmost  extent  of  improvements  that  could  be  obtained.  The 
determined  vigour  of  enterprise,  and  ample  resources  of  talent  which 
distinguished  that  company,  are  too  well  known  to  need  affirmation  here. 
These  means  were  fully  used  in  the  production  of  the  Great  Britain.  The 
following  particulars  are  taken  from  captain  Claxton^s  interesting  '*  Descrip- 
tion of  the  Great  Britain  steam-ship.^' 


VeMer*  Name. 

Length 

Eztxeme 
breadth. 

Depth 

in 
hold. 

Mean  load- 
draught 
of  water. 

Tonnage 
by  old 

meaaure- 
ment. 

Dia- 

place- 

mentin 

tons. 

Horse- 
power 
of  en- 
gine*. 

Of  keel. 

Between  the 
perpendicular*. 

Orerall. 

Great  Britain 

feet. 
289 

feet. 
286 

feet. 
322 

feet. 
51 

ft.  in*. 
32   6 

feet. 
16 

tors. 
3443 

ton*. 
2984 

1000 

In  two  respects  the  building  of  this  ship  was  a  gigantic  experiment :  in 
the  use  of  material,  and  the  description  of  propeller.  In  comparison  of  the 
Great  Britain,  all  that  had  yet  been  done  in  the  building  of  iron  vessels, 
was  almost  in  miniature.  But,  whatever  was  deficient  in  experience,  was 
supplied  here  by  sound  and  intelligent  reasoning,  in  every  way  reflecting 
honour  on  those  who  deduced  their  accurate  results  from  so  limited  premises. 

Mr.  Paterson,  who  had  built  the  Great  Western,  furnished  the  lines  for 


*  Letter  firom  ''  E.,"  in  the '  Civil  Engineer  and  Architect's  Joomal,'  January  1841. 


318  A    HISTORY    OF    NAVAL    ARCHITECTURE. 

the  Great  Britain;  the  keel  was  laid  down  in  July  1839;  and^  until  the 
works  had  advanced  about  seventeen  months^  it  was  intended  that  she 
should  be  propelled  with  paddle-wheels.     During  this  time^  the  Archimedean 
fitted  with  Mr.  Francis  Petit  Smithes  screw-propeller,  was  developing  the 
powers  of  that  instrument.     Without  entering  into  the  details  of  this  pro- 
ceeding, which  will  have  its  appropriate  place  further  on,  we  remark  that, 
from  what  was  shown  in  the  working  and  effect  of  the  screw-propeller  of 
the  Archimedes,  captain  Richard  Burridge,  R.N.,  had  expressed,  in  a  letter 
addressed  to  the  "  Directors  of  the  ship  propeller  company,'^  in  December 
1839,  his  hope  of  its  being  fitted  to  an  Atlantic  steamer.     In  the  following 
May,  when  the  Board  of  Admiralty  sent  captain  Chappell  and  Mr.  Lloyd  to 
examine  into  and  report  upon  the  merits  of  this  screw,  as  compared  with  the 
<»dinary  paddle-wheels  applied  to  her  Majesty^s  mail-packets  on  the  Dover 
station,  those  merits  were  brought  more  successfully  before  the  attention  of 
scientific  and  nautical  men,  and  were  the  subject  of  a  host  of  testimonials. 
Amongst  the  admirers  of  the  screw-propeller  was  captain  Claxton,  the 
managing  director  of  the  Great  Western  steam-ship  company.    The  interest 
which  it  possessed  at  the  point  of  time  when  that  company  was  building  the 
largest  ship  in  the  world,  led  the  directors  to  request  their  eminent  con- 
sulting engineer,  Mr.  Brunei,  to  consider  the  subject  of  the  screw-propeller, 
with  the  view  to  its  being  applied  to  the  Great  Britain.    The  observations 
and  experiments  which  he  accordingly  made,  and  the  consideration  which 
he  devoted  to  it,  convinced  him,  against  his  prepossessions,  that  the  screw- 
propeller  was  superior  to  paddle-wheels,  on  several  grounds ;  and  that  the 
whole  question,  fairly  looked  at,  showed  that  it  was  desirable  to  employ 
this  sort  of  propeller  instead  of  paddle-wheels  in  that  ship.    Acting  on  the 
advice  which  Mr.  Brunei  gave,  the  directors  resolved,  in  December  1840, 
to  adapt  the  ship  to  the  screw ;  and  all  the  arrangements  were  firom  that 
time  made  with  the  ^iew  to  this  object.     The  same  boldness  of  enterprise, 
and  the  same  confident  reliance  on  deductions  from  facts  ascertained  on 
a  small  scale,  are  observable  in  the  resolution  to  employ  the  screw,  that  were 
shown  in  the  determination  to  use  iron  as  the  material  of  the  hull ;  and  the 
result  has  in  each  case  vindicated  a  procedmre  grounded  upon  facts  of 
so  circumscribed  experience,  that  the  directors  seem  to  have  been  the 
objects  of  but  little  sympathy  before  the  performance  of  the  vessel,  with 
the  screw,  proved  the  soundness  of  the  reasoning  on  which  it  had  been 
adopted. 

The  Great  Britain  was  launched  on  the  19th  of  July  1843.  The 
machinery  was  constructed  on  the  works  of  the  company,  as  no  engineer 
seemed  willing  to  undertake  the  task  under  a  contract.  The  result  of 
fitting  the  engines  into  the  ship  at  the  works  was,  that  thus  she  was  too 
much  deepened  to  pass  out  of  the  dock,  until  some  alteration  was  made^ 
causing  a  detention  of  a  few  months.  This  having  been  made,  the  GrefU 
Britain  was  released,  and  made  her  first  experimental  trip  on  the  12th  of 
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December  1844^  the  conduct  and  result  of  which  were  stated  in  a  letter 
from  Mr.  Guppy,the  company's  engineer^  to  the  directors,  dated  the  17th 
of  December.  '^  The  engines  commenced  working  at  six  to  eight  revolu- 
tions per  minute,  and  this  speed  was  gradually  increased  to  twelve  to 
thirteen  revolutions.  The  velocity  acquired  by  the  vessel  during  this  time 
was  exactly  that  which  had  been  intended,  being  at  the  rate  of  one  knot 
per  hour  for  every  one-and-a-half  revolution  of  the  engines  per  minute — 
thus  twelve  revolutions  gave  exactly  eight  knots.  In  this  manner,  the 
ship  proceeded  to  the  Holms,  where  some  evolutions  were  performed,  with 
the  view  of  trying  how  she  steered,  and  it  was  ascertained  that  she  was 
very  completely  under  the  command  of  the  helm.  On  the  return  to  King- 
road,  the  speed  was  increased  to  rather  more  than  sixteen  revolutions  per 
minute,  when  her  rate  of  going  was  ascertained  to  be  eleven  knots.  At 
this  time  the  velocity  of  the  screw  through  the  water  was  1218|  per  minute. 

Eleven  knots  are  1115| 


Leaving  only  103J  feet  for  the 

slip  of  the  screw.  In  other  words,  for  1000  miles  that  the  screw  shall  ad- 
vance through  the  water,  the  progress  of  the  ship  will  be  915  miles.  For  the 
purpose  of  comparison,  I  have  referred  to  Mr.  Brunei's  report,  wherein  I 
find  that  on  the  best  average  voyages  of  the  Great  JVestern,  for  1000  miles 
that  her  paddle-wheels  should  advance,  she  progresses  only  787 :  and  with 
these  experiments  with  the  Archimedes,  on  which  he  founded  his  report, 
while  her  screw  should  have  advanced  1000,  she  actually  only  progresses 
775  miles.'' 

The  Great  Britain's  career  was  short ;  it  had,  nevertheless,  the  imme- 
diate advantage  of  reducing  the  fares  across  the  Atlantic,  considerably, 
o?dng  to  the  relatively  smaller  expense  of  working  so  large  a  ship.  And 
the  unfortunate  event  which  stopped  her  course  of  service,  has  supplied 
ilnother  proof  of  the  excellence  of  iron  as  a  material  for  ship-building. 

Soon  after  the  Atlantic  ocean  began  to  be  navigated  regularly  by  steam- 
vessels,  the  importance  of  a  better  means  of  communication  between 
England  and  the  West  Indies  led  to  the  formation  of  a  very  respectable 
and  influential  company  for  the  accomplishment  of  that  object.  The 
"  Royal  Mail  Steam  Packet  Company  "  having,  therefore,  built  a  sufficient 
number  of  large  steam-vessels,  suited  to  the  character  of  the  service,  in  1841, 
entered  into  a  contract  with  the  Board  of  Admiralty,  in  December  of  that 
year,  for  the  conveyance  of  the  post-office  mails  between  England,  the  West 
Indies,  and  the  gulf  of  Mexico,  by  the  employment  of  not  less  than  fourteen 
steam-vessels,  ten  of  which  should  be  of  400-horse  power,  or  more,  and  the 
other  four  of  at  least  250-horse  power,  for  inter-colonial  service.  This 
service  has,  therefore,  been  executed  by  the  iregular  departure  from 
England  of  two  packets  in  each  month.  The  contract  price  for  this  is 
£240,000  a  year.     The  general  character  and  regular  performances  of  the 


320  A    HISTORY    OP    NAVAL    AKCMITECTURE. 

vessels  belonging  to  this  company,  as  well  as  of  those  belonging  to  the 
Peninsular  and  Oriental  company,  Mr.  Cunard^s  and  other  packets,  have 
established  and  maintained  the  claim  of  steam-vessels  to  assured  confidence 
in  their  fitness  for  any  service  that  is  likely  to  be  required  of  packets  on 
the  ocean. 

From  the  time  when  steam-packets  began  to  be  employed  in  the  con- 
veyance of  foreign  mails,  those  which  conveyed  them  to  the  ports  in  the 
Peninsula,  the  Mediterranean,  and  the  West  Indies,  started  from  and 
arrived  at  Falmouth,  until  September  1843 ;  at  that  time,  the  arrangements 
were  altered,  and  Southampton  has  ever  since  been  their  station. 

When,  sometime  later,  the  "  Pacific  steam  navigation  company "  was 
formed  for  the  employment  of  steam-packets  in  the  Pacific  ocean,  in  addi- 
tion to  other  efforts  that  were  made  in  this  country,  and  by  foreign  nations, 
to  extend  and  amplify  the  advantages  that  steam  navigation  supplies,  which 
are  not  necessary  to  be  particularized  here,  there  were  few  obvious  wants 
that  such  accommodation  would  supply,  remaining  unregarded  by  the 
various  companies  formed  for  this  purpose. 

We  need  not  extend  these  remarks  further,  to  show  how  rapidly  steam- 
navigation  has  enlarged  the  sphere  of  its  operations  to  aU  parts  of  the 
world,  developing  at  the  same  time  the  magnitude  of  its  importance.  Per- 
haps no  power  of  physical  efi^ort  under  the  control  of  man  has  ever, 
within  so  short  a  space  of  time,  produced  results  contributing  in  such 
variety  of  ways,  and  to  so  great  an  extent,  to  the  comfort  and  convenience 
of  civilized  nations  generally,  as  that  of  steam  has.  And,  as  a  means  of 
conveyance,  it  has  siirpassed  every  other,  in  the  comforts,  and  regularity, 
and  despatch,  which  travellers  have  ever  had  at  their  command ;  and  which, 
whilst  it  has  diminished  the  inconveniences,  has  diminished  also  the  expense ; 
and  has  rendered  far  more  easy,  and,  in  many  cases  given  a  practicability 
to  the  social  communications  by  which  the  best  feelings  of  society  are 
cherished. 

The  ingenuity  which  has  been  engaged  concurrently  with  commercial 
enterprise,  has,  from  the  early  stage  of  steam  navigation  to  the  present 
time,  gone  along  with  the  obvious  wants  of  the  public,  in  adapting  the 
capabilities  of  steam-vessels  to  acknowledged  necessities;  and,  if  in  some 
periods  of  its  brief  history,  it  has  not  fully  kept  pace  with  them,  it  has 
speedily  endeavoured  to  make  amends  for  past  deficiency  by  labouring 
to  overtake  those  wants*  The  following  lists  of  steam-vessels,  with  the 
dimensions,  power,  and  other  particulars  of  detail,  will  show  very  much  of 
the  character  of  commercial  steam  navigation  when  it  was  adapted  only  to 
rivers, — as  it  improved  under  successive  changes, — and  in  the  fully-expanded 
excellence  in  which  it  is  well  known  at  the  present  time,  on  some  of  the 
most  important  lines  of  trafiic.  The  sections,  which  are  given  in  ^^® 
plates,  still  further  show  how  change  has  accompanied  experience,  generally 
resulting  directly  in  improvement,  or  leading  indirectly  to  it. 


ROYAIi    WEST    INDIA    HAIL    STEAM-PACKETS. 


321 


•■IM^A-dfppiJ 

i  o 

1 

o 

00 

o 

<o 

O 

1 

1 

« 

eo 

1 

joia^amqd 

4«       «^ 

1 

Ok 

e4 

o 

CO 

o 

CO 

o 
«o 

O 
CO 

00 

d 

00 

d 

•a^ODS 

a  <=> 

1 

o 

o 

o 

<o 

<o 

«o 

1 

o 

o 

1 

joiianyi 

«  «- 

1 

»<« 

«<• 

«>• 

«>• 

«*• 

!>. 

«>> 

«>• 

j0J99aania 

•  -^ 

Hn 

^^ 

H» 

Hn 

5  S 

1 

lA 

to 

1 

eo 

CO 

1 

■wndii'B' 

O 

O 

o 

0 

o 

O 

0 

O 

o 

o 

O 

o 

^& 

lO 

lA 

CO 

lO 

lO 

to 

lA 

lA 

lA 

lA 

"«• 

«>• 

• 

joxano^ 

"* 

"««• 

•* 

^ 

^ 

"* 

"««• 

•^ 

d 

fo  aoi)daiMao3 

i  7 

Ol 

04 

3 

oo 

CI 

to 

Ol 

to 

CI 

d 

d 
d 

• 

SO.-I 

o<o 

is" 

MO 

O  N 

i-iO 

d  GO 

9CI 

o<o 

CI  o 

<o  to 

'*  d 

•< 

^  & 

5«OOfc 

O  CO 

€»•»>. 

lA  CO 

OktO 

O  "«9« 

to  CI 

to  CO 

d  tO 

"*  CO 

to  "^ 

p^ 

Bo  W 

«0  9» 

M  «0 

(OM 

o  o> 

OitO 

to  CI 

(O  to 

(O  o> 

to  to 

<0  O) 

O  eo 

a^ 

CO^ 

COO 

fM  CO 

<o  *>. 

-^  CO 

i-H  «>. 

CO  ^H 

eO-< 

•-<  CO 

CO  i-i 

•-H  ^H 

^ 

s> 

^  ©1 

^-«  i-s 

^H  f-« 

^4  r-4 

1^  ^H 

f-«  »H 

^s 

^  »-• 

»««  f>4 

^4  ^4 

d»H 

o 

ii 

RCQOO 

G0<0 

OM 

i-«  CO 

W  *« 

«eo» 

a)«e 

oo  GO 

00  <o 

eo  0> 

o»  "^ 

r**-* 

o  a» 

o»co 

00  p^ 

O^ 

OIO 

»>.'^«« 

o  oo 

oa> 

ooo 

a*ai 

^-« 

< 

4  — 

^s 

W-* 

p-^ 

r-4  ^4 

^4 

P-4 

^-« 

W-' 

|. 

lA 

e* 

«o 

o 

•o 

»A 

eo 

CI 

d 

t^ 

o 

•5« 

t>% 

t^ 

r<» 

oo 

r<» 

r<» 

r<k 

t>% 

»« 

»« 

00 

•»1«A|o 

•'^  1 

<o 

o 

<o 

o 

<o 

o 

1 

(O 

«o 

o 

1 

< 

^qSmup  maji 

.    1 

M 

t«* 

<o 

00 

•pounsoajma 

•8U0X  01  V^o^^  n 

oareo 

ioj  mooj  oSaiaAv 

sq)  'viBOQ  ipiM  a!)9|dinoo 

"Witt. 

||i 

'J 

H 

s  a  ^ 

^ 

1    < 

« 

«o 

<o 

o 

<o 

fM 

oo 

^ 

^4 

GO 

00 

«» 

<e 

<o 

oo 

00 

■V 

to 

'•'I' 

»^ 

"* 

t^ 

'3  §^ 

1^ 

<o 

00 

r-4 

oo 

^4 

00 

^4 

CO 

^4 

^4 

CO 

00 

O 

s. 

.a  S 

to 

«o 

^ 

»-• 

Ok 

oo 

«o 

CO 

o 

piN 

«>• 

H 

•pi«H  «!  »n<faa 

o 

o 

o 

o 

o 

o 

o 

eo 

to 

a 

H 

«     CO 

CO 

eo 

CO 

eo 

eo 

eo 

eo 

eo 

eo 

d 

d 

.      CO 

"* 

■^ 

to 

to 

lO 

tA 

r« 

«o 

-V 

00 

-♦ 

•qipwia 

CO 

CO 

eo 

CO 

-♦ 

eo 

CO 

CO 

O 

^ 

^-« 

O 

«    « 

CO 

CO 

CO 

CO 

CO 

eo 

CO 

CO 

CO 

eo 

CO 

• 

tA 

a> 

^^ 

tO 

O 

'iplgai 

1    C< 

M 

ei 

lA 

to 

eo 

-* 

CI 

eo 

eo 

• 

o 

«    -x 

»^ 

^4 

pb4 

#H 

•^ 

^H 

P-4 

^4 

•^ 

^^ 

a* 

o 

1-3 
H 

n 

CI 

CI 

d 

M 

d 

CI 

CI 

CI 

CI 

d 

d 

rH 

• 

1 

1 

• 

1 

• 

1 

• 
• 

o 

1 

1 

<4S 

il 

ao 

•S-e 

P 

3 

Q 

*a 

Q 

Q 

t 

U 

'§'2 

Si 

B 

jj 

O 

1 

P 

M 
o 

S 

r-^ 

/-^--. 

A 

P^ 

1 

H 
H 

CO 

• 

1 

1 

1 

1 

Is 

1 

• 

il 

•k 

8 

2 

•a 

1 
•§2 

r>4 

1-4 

i-H 

CI 

Cl 

i-H 

i-H 

^^ 

^M 

P-4 

»>« 

t>» 

•»ip»a  »qAi 

^4 

^4 

OD 

^4 

CD 

eo 

00 

r>4 

00 

OO 

p-4 

00 

OO 

^4 

eo 

00 

•>4 

00 

•-* 

• 

• 

• 

• 

• 

• 
• 

• 

• 
• 

• 

V 

g 

• 

■ 
00 

1 

■ 

g' 

• 

• 

• 

• 

• 

• 

• 

• 

tfe 

• 

2 

9 

1 

••• 

N 

S 

1 

-8 

.2 

•es 

1 

1 

<*• 

1 

1 
1 

Y 


AL    ARCHITECTCBE. 


TBANSATLANTIG  STEAM  PACEETS.                                                      { 

NAMCa. 

1 
1 

Buildtn. 

1 

t^|d>.        !     E™«b. 

1 

s 

I 

Byrthn  ia 

P 

i 

in 

i 

a 

3 

1 

ft.  b. 

«.i4.   Jft.U. 

n.in. 

tMedonia. 

1B40 

C.  Wood     .     . 

KapUr 

204  6|l84  21 

33  1033  2 

22  4 

1121 

1138  440 

8.S 

1B42 

R.  SbxIa&Co. 

Ditto 

219  8198  2 

35  10  35  0 

U  2 

1353 

1421 

&00 

9.5 

NU/m-a   . 

1817 

■»"    . 

Ditto 

251  5  229  SI 

J8    337  4 

25  9  1774 

1824 

G50 

11. 0 

STATISTICAL  DATA  OF  XEVERAL  OF  THE  LONDON  AND  GRAVESEND  STEAM  PACEETS. 
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IRON    STEAM-VESSELS    BUILT    BY    MESSRS.  TOD    AND   M<^GREGOR 

FOR   DIFFERENT    SERVICES. 


Namea. 


Prineeu  Rogal 

Defiance 

Prince  of  Wale$ 
Prince  of  Cork . 
Smperor   . . .  ■  ■ 
Princeee  Alice. . 

iMrindble 

Her  Mafe§ty. . . 
Royal  Contort . 

Albion 

l^  indoor  Caetle 

Sea  King 

Scotia 

Sovereign  . . . , 
Dtmrobin  Caetle 
Prince  of  Walea 
Jttvrg  Jane  .... 
Counteet  of  \ 
Oallowag,.  \ 

Briton 

Rojfat  Alice. . . . 
Cumberland . . . 

Tribal  gar 

Blenheim 


Lina  of  Sendee. 


Glasgow  ft  Liverpool .... 

Tug  on  the  Clyde 

Belfast  &  Ardrossan  .... 

Cork,  &c 

Glasgow  &  Heleniburgh. 

Bellast  &  Fleetwood 

Glasgow  and  Milport .... 
Ardrossan  &  Fleetwood.. 
Ardrossan  &  Fleetwood. . 

Glasgow  &  Belfast 

Glasgow  &  Rothesay  .... 

Belfast  &  laverpool 

Ayr  &  Stranraer 

Glasgow  &  Helensburgh. 
Glasgow  &  Inverary  . . . . 
Liverpool  &  Bangor  .... 
Glasgow  &  Stomoway  . . 

Liverpool  &  Garlieston  . . 

Ayr  ft  Stranraer ........ 

Cork,  &c 

Liverpool  &  Carlisle  .... 

Liverpool  ft  Dublin 

Beliast  &  Liverpool    . . . . 


I 
s 


1841 


If 
1843 

» 


e 


i 


s 


3 


1 


... 


^s 


l"3 


•3 

a 
... 


a 


I 

5  (> 
gH 


&  • 

S 

» 


s.a 

1^ 


feet.  feet.  feet.  [feet. 

194.626.816.861.5 

113.820.311.7154.5 

159.624.613.5  — 

130. 9;  17. 7   7.985.0 

121. 7116. 1   7.2'37.4 

164.723.313.9,50.6 

180.l|l6.8  8.0!35.9 

178. 1  '25. 2 15. 2  54. 2296. 4  520. 9 


177.9,25.2 
145  21.8 
174.4'l7.7 
182.4  25.3 
141.317.5 
188.816.5 
162.019.0 


174.121.611.4 


446.9746.6 
79.7219.8 

812.9500 
97.2,150.2 
62.1109 

259    14^.5 
78.5130.7 


15.2  54.2  297 
10. 6  51  0157 
9.256.3101.8 
15.8  58 


8.7 
8.2 
8.9 


50.2 
40.1 
47.6 
69.9 


521.9 
281.7 
201 


390.4644.8 
81.6'I64.8 
76.29135 


149.519.8 

165.634.4 

144.819.4 
146.418.4 
197    |24.2 


189.7  27.216.7 
206.5.25.018.9 


9.948.5126.2211.3 


9.2 


14.846.6816.4 


120 
210.8 


206.8 
346.5 


83.4 


8.087.6 


18.4 


I 


49.8 

56.8 
67 


492.4 


151. 

104.6 

846.9 

498.2 

399 


8214 


.4 
164.5 
518 
773.6 
651.3 


400 

360 

65 

50 

300 

75 

300 

300 

160 

110 

380 

95 

75 

110 

150 

100 

390 

100 
80 
390 
870 
400 


«> 

I 

■3 


«2 


ins. 
73 

61 

48 

41 

60 

50 

65 

66 

47 

60 

69 

54 

50 

60 

66 

67 

64 

66 
53 
64 
69 


feet. 
6.3 

5.0 
3.6 
3.6 
5.0 
4.0 
5.6 
5.6 
5.0 
4.0 
6.0 
4.0 
4.0 
4.0 
5.0 
4.6 

5.0 

4.6 
4.0 
6.0 
5.6 


feet. 

38 

16 

34 

16 
14.6 

30 

17 
36.6 
26.6 

30 

19 

28 

17 

17 

19 

33 

18 

33 

18 

17.6 

34 

36 

38 


STEAM  PACKETS  EMPLOYED  IN  VARIOUS  SERVICES. 

Namas. 

a 

n 

9 

Buildera. 

Engineer. 

■ 

! 

• 

I 

i 

1 

Burthen  in 
Tons. 

Mean  Draught 
of  Water. 

Hone  Power 
of  Engine. 

Diameter  of 
Paddle-wheels. 

ft.  in.  ft.    in.  ft.  in. 

ft    in. 

ft.    in. 

Mongibdlo 

1840 

Pitcher       . 

156  0  26  6   16  6 

511 

10  6 

200 

19  6 

Thames        .         .     . 

1840  Pitcher.        .        .     . 

210  0  36  0   30  4 

1300 

16  0 

400 

28  0 

Hecla 

1841 

Curling  and  Young     . 

170  0 

28  6 

16  7 

660 

11  6 

200 

18  0 

Ragiero                •  *  • 

1841 

190  0 

34  0 

19  2 

1023 

13  0 

300 

22  0 

Crimea     . 

1842  Pitcher       . 

• 

•0 

175  0 

31  1020  0 

823 

12  9 

260 

22  6 

Princess  Alice       .     . 

1843 

Ditchburn  and  Mare   . 

1 

•T3 

140  0 

20  0 

11  0 

274 

6  3 

120 

18  5 

Stromboli 

1844 

Pitcher 

165  0 

27  9 

16  6 

604 

11  10 

220 

20  0 

Princess  Maude    .     . 

1844 

Ditchburn  and  Mare  . 

1 

143  0 

20  6 

10  3 

294 

6  3 

120119  4 

Queen  of  the  French  . 

1844 

Ditchburn  and  Mare  . 

1 

158  0 

21  0 

11  0 

341 

6  3 

120I19  0 

IlGiglio      .        .    . 

1845 

124  0 

18  0 

10  9 

— 

6  3 

6014  8 

LowestofF 

1846 

Ditchburn  and  Mare  . 

m 

96  0 

17  0 

9  0 

131 

5  6 

60 

12  0 

Belgian  Railway   .    . 

1846 

Ditchburn  and  Mare   . 

A 

1 

140  0 

21  0 

10  3 

298 

6  6 

120 

18  9 

Yesavio  Capri  . 

1846|Ditchbum  and  Mare   . 

180  0 

26  0 

15  0 

591 

9  6 

220 

23  10 

Erin 

1846 

Ditchburn  and  Mare  . 

1 

200  6 

28  8 

18  0 

803 

10  5 

280 

22  10 

Express 

1847 

Ditchburn  and  Mare   . 

160  0 

22  1 

11  0 

377 

6  6 

160 

18  0 

Courier  Despatch 

1847 

Ditchburn  and  Mare   . 

170  0 

23  0 

11  8 

437 

6  6 

200 

19  0 

Scotia  •        •        .    . 

1847 

Wigram 

195  0 

27  6 

14  0 

700 

8  6 

40024  8 

Anglia 

1847 

Ditchburn  and  Mare  . 

190  0 

26  9 

14  9 

662 

8  6 

35024  8 

t2 
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STSAM  VESSELS  BELONGING  TO  THE  EAST  INDIA  COMPANY. 


Nftmei. 


Nicbolai  I. 
Cleopatrm 
Qaeen. 
Sesostrifl  . 
Menmon 
Acbar  . 
Peiki  TigMt 
Impendor 
Imperatriz 
Moozoffer 
Agdaha    . 
Fire  Qaeen 


1839 
1839 
1839 
t&39 
1841 
1841 
1843 
1842 
1842 
1845 
1845 
1843 


WhoM  Design. 


VeHcl. 


§ 


EBfiam. 


Seaward 
Mandslay  &  Co. 
Seaward 
Maudslay  &  Co. 
Maudslay  &  Co. 
Napier 
MiUer  & 
MiUer  & 
MiUer  & 
Seaward   .         .     . 
S<!Ott,Sinclair,&Co. 


Ravenhill 
Rayenhill 
Rarenhill 


U 

3 


ft. 

185 

178 

177 

184 

206 

206 

168 

151 

151 

220 

220 

159 


in. 

0 

5 

10 

9 

5 

5 

0 

0 

0 

0 

0 

7 


I 


ft.  in. 
29  0 
31  0 
31  0 
32 
34 
34 
26 
24 
24 
37 
37  0 
26  4 


6 
0 
0 
6 
0 
0 
0 


•a 
"S 

X 

a 

8- 


ft.  in. 

17  6 

19 

19 

19 

21 


21 
16 
14 
14 
23 
23 
15 


770 

760 

876 

1143 

1143 

568 

418 

418 

1440 

1440 

500 


tft. 

12 
14 
14 
14 
14 
14 
12 
10 
10 
16 
16 
10 


in. 


0 
6 
9 
6 
6 
6 
0 
0 


•qft 

278 
356 
359 
366 
406 
406 
256 
206 
206 
01488 


8  . 
§S 


Jo.  "e-o 
-S   Q 


li 


1017 
1317 
1249 
1361 
1733 
1733 
862 
611 
611 
2301 
01488  2301 
235'  701 


I 


I 


^I 


220 
220 
220 
420 
420 
190 
140 
140 
500 
500 


ft.  IB. 

24  10 

22  0 

22  0 

22  0 


19 
15 
15 
29 
29 
21 


6 
3 
3 
0 
0 
9 


The  preceding  Tables  show,  with  more  precision  than  could  otherwise 
be  shown^  the  gradual  and  continuous  enlai^ement  of  steam-vessels^  to 
meet  the  growing  wants  for  which  they  were  provided.  At  the  sione 
time^  they  are  intended  to  serve  for  reference  to  constructors^  in  deter- 
mining some  of  the  principal  elements  of  the  body.  It  was  considered 
desirable  to  include  some  other  elements  which  affect  their  speed  and 
general  good  qualities ;  but  this  was  not  found  to  be  practicable  to  such 
an  extent  as  would  supply  data  for  genend  comparison.  And  even  if 
the  required  elements  could  have  been  more  fully  obtained,  and  the  per- 
formances of  the  respective  vessels^  with  reference  to  their  construction, 
were  yet  unknown, — ^we  must  have  regarded  the  vessels,  as  to  the  elements 
in  question,  as  undetermined  experiments.  So  far  as  the  principal  ele- 
ments could  be  obtained,  the  Tables  contain  no  inconsiderable  number  of 
the  best  steam  ships  and  vessels  that  have  been  built  in  private  service. 
For  the  information  they  contain,  the  author  is  indebted  to  the  kindness 
of  Captain  Chappell,  B.N.,  of  the  Royal  West  India  Mail  Packet  Company, 
Captain  Claxton,  B.N.,  late  of  the  Great  Western  Steam-ship  Company,  the 
Directors  of  the  Peninsular  and  Oriental  Steam-ship  Company,  Mr.  Brown, 
of  the  firm  of  Boulton  and  Watt,  Mr.  Bobert  Napier,  Mr.  Bitherdon, 
Mr.  Field,  and  other  gentlemen. 


SAFETY    OP    THE    MACHINERY    IN    WAR    STEAMERS.  327 

We  have  regarded  steam  navigation,  its  progress  and  its  importance,  not 
only  nationally  but  universally,  in  commerce. 

The  next  aspect  under  which  it  is  to  be  viewed  is  more  limited,  and  yet  it 
is  deeply  important  as  a  national  object :  it  is  its  use  in  war.  The  geo- 
graphical character  of  Great  Britain,  which  has  always  magnified  the 
importance  of  her  navy,  now  shows  how  dependent  the  nation  must  be  on 
an  efficient  coast-guard  of  armed  steamers,  in  the  event  of  another  Euro- 
pean naval  war.  Foreign  preparations  are  a  warning  of  this  necessity ;  and, 
indeed,  the  whole  plan  of  naval  warfare  is  likely  to  be  so  materially  changed 
by  means  of  steam-vessels,  that  it  is  evidently  necessary  to  have  steam- 
ships capable  of  undertaking,  or  of  aiding  in,  every  class  of  its  operations. 

Officers  of  great  talent  and  experience  have  given  currency  to  ideas  as  to 
the  required  conditions  of  steam-vessels  {or  the  several  classes  of  naval 
service  in  contemplation,  and  steamers  have  been  built  with  some  reference 
to  the  particular  services  in  which  it  is  supposed  they  will  be  required ;  it  is, 
however,  doubtful  whether  any  steam  navy,  that  would  be  of  much  use  to 
this  country  in  war,  must  not  be  materially  different  in  its  character  from 
the  vessels  of  which  the  bulk  of  the  present  steam  navy  consists.  Several 
considerations  demand  a  great  change :  the  machinery  ought  to  be  depressed 
below  the  level  of  common  danger  from  shot ;  and  economy  requires  that 
steam-vessels  employed  in  war  should  be  perfect  sailing-vessels  in  every 
respect,  as  well  in  the  position  as  in  the  power  of  sail.  The  conditions 
proper  to  their  sailing  qualifications  should  be  determined  first;  and  the 
disposition  of  the  machinery  should  follow  in  secondary  order,  as  it  is 
certain  that  the  best  adjustment  of  the  sails  and  of  the  machinery  may  be 
made  in  the  same  ship. 

The  great  change  which  it  appears  will  be  necessary  to  the  competency 
of  a  steam  navy  is  that  of  substituting  the  screw  propeller  for  paddle-wheels, 
in  armed  steam-vessels ;  using  this,  however,  as  an  auxiliary  power,  being, 
independently  of  this,  perfect  sailing  vessels.  When  one  considers  the 
general  uses  of  vessels  engaged  in  war,  it  is  hardly  possible  to  regard  those 
which  have  only  bow  and  stem  guns  as  being  anything  more  than  auxiliary 
vessels.  These  are,  however,  almost  all  that  steam-vessels  generally  pro- 
pelled by  means  of  paddle-wheels  are  adapted  to  use.  It  is  proved  to  be 
practicable  to  place  the  machinery,  boilers  and  steam-chest,  below  the 
water-line  in  large  steamers,  and  so  one  of  the  greatest  dangers  is  obviated ; 
but  still  the  shaft  and  connecting  gear,  as  well  as  the  paddle-wheels,  are 
liable  to  be  damaged  by  shot,  particularly  in  broad-side  exposure.  There 
is  not  the  same  facility  of  protecting  the  machinery  of  small  paddle-wheel 
steamers.  The  vertical  cylinders,  as  well  as  the  boilers,  require  a  depth 
beyond  what  the  hold  of  small  vessels  will  allow,  and  they  are  unavoidably 
exposed.  Injury  to  the  machinery  would  take  away  the  one  grand  feature 
of  superiority,  and  reduce  the  paddle-wheel  steam-vessel  below  the  qualifi- 
cations of  a  sailing-vessel.  Until  the  conditions  of  naval  steamers  can  be  so 
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determined  that  there  is  a  reasonable  probability  of  their  sustaining  sueh 
engagements  as  they  are  intended  to  go  into^  without  the  imminent  hazard 
of  being  immediately  disabled,  dependence  on  them  in  warlike  operations 
generally^  must  be  extremely  precarious.  These  conditions  are  practicable 
— with  the  screw-propeller. 

The  late  board  of  Admiralty  contemplated  an  improvement  in  the 
character  of  naval  steamers^  in  ordering  the  Odin  to  be  built  capable  of 
carrying  broadside  armament  on  the  main-deck;  that  object  was  accomplish- 
ed, subject,  nevertheless,  to  the  too-elevated  position  of  the  machinery.  Sir 
Charles  Napier  sought  to  avoid  this  danger  in  the  Sidan.  His  success  has 
realised  only  a  part  of  the  qualifications  for  warlike  service  that  are  attainable. 

There  have  been  few  facts  connected  with  the  steam  navy  more  generaUy 
and  more  foreibly  claiming  attention,  than  the  small  amount  of  armament 
relatively  to  the  burthen  of  the  vessels  and  horse-power  of  the  machinery. 
This  was  not  a  defect  necessarily  connected  with  the  earliest  efforts  made 
in  this  direction ;  it  has  been  a  fact  associated  with  the  line  of  efforts  down 
to  the  present  time;  and  where  a  better  disposition  has  been  made,  there 
we  see  the  exceptions.  Two  or  three  fSsM^ts  may  sufBce  for  illustration.  In 
1843  the  Retribution  was  built  of  1641  tons,  having  machinery  of  800  horse- 
power;  but  her  weight  of  metal  thrown  was  only  472  pounds.  Further,  the 
quantity  of  sail  carried  has  been  very  small  in  relation  to  the  dimensions 
of  the  ships ;  so  that,  generally,  the  power  of  sail  in  war  steamers  has  been 
merely  auxiliary,  and  hence  the  constant  expenditure  of  coals  for  almost  all 
purposes  of  locomotion,  as  if  there  had  been  no  such  thing  as  wind.  The 
quantity  of  sail  carried  by  the  Retribution  is  17,192  square  feet :  a  perfect 
sailing  ship,  of  the  same  tonnage,  would  have  23,000  square  feet.  The 
error  of  making  steam  the  principal  power  rather  than  that  of  wind  on  the 
sails,  has  been  making  the  cost  of  coals  for  such  a  ship  about  fifty  pounds 
sterling  per  day  of  twenty-four  hours.  This  excessive  expenditure  has 
been  lately  restrained  by  the  board  of  Admiralty,  the  use  of  steam  being 
now  sanctioned  only  when  it  is  necessary  to  use  it,  through  the  want  of 
wind,  or  on  account  of  its  being  unfavourable.  This  general  condition 
incident  to  naval  steam-vessels  shows  the  importance  of  making  them  com- 
plete sailing  vessels. 

The  Odin  of  1400  tons,  with  engines  of  560  horse-power,  is  armed  to 
throw  664  pounds  of  metal,  and  she  carries  14,853  square  feet  of  canvass : 
still  it  must  be  acknowledged  that  she  is  an  imperfect  sailing  vessel.  Great 
difficulty  has  been  experienced  in  uniting  in  the  same  vessel  the  two  quali- 
fications— of  sailing  and  steaming — in  their  fullest  required  degree.  This 
difficidty  was  not  overcome  in  the  Odin ;  the  position  of  the  machinery 
had  been  so  determined  that  the  masts  could  not  be  fixed  in  their 
proper  places ;  but  it  has  since  been  surmounted  in  other  ships ;  and  both 
the  quantity  and  position  of  sail  are  determined,  upon  the  principles 
which  are  applied  to  determine  the  like  conditions  in  sailing  ships. 
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A  steam  navy  fuUy  fit  for  its  purposes^  can  hardly  be  expected,  without 
ensuring  perfect  safety  to  the  machinery.  Paddle-wheels  exclude  this ; 
and  it  is  now,  therefore,  important  that  these  should  give  place  to  the 
screw-propeller.  There  are  no  insurmountable  difficulties  in  imiting  and 
using  the  power  of  sail  and  that  of  steam  with  the  screw,  as  there  are  with 
paddle-wheels.  The  sooner,  therefore,  that  these,  and  other  considerations, 
lead  to  the  abandonment  of  the  use  of  paddle-wheels  in  all  steam- vessels  to 
be  used  in  war  on  the  ocean,  and  to  the  use  of  the  screw  propeller  in  their 
stead,  the  sooner  will  England  have  a  steam  navy  worthy  of  the  expectations 
which  rest  on  such  an  object.  Paddle-wheels  may  yet  have  their  advan- 
tageous use  in  small  steamers  which  are  intended  to  penetrate  into  rivers 
and  other  shallow  water. 

On  the  earliest  attention  given  by  the  board  of  Admiralty  to  the  use  of 
steam-vessels  for  any  purposes  in  the  navy,  the  following  passages  are 
quoted  from  sir  John  Barrow's  Auto-biography,  considering  that  no 
person  had  better  means  than  he,  of  knowing  not  only  the  general  naval 
events  of  his  time,  but  also  the  groimds  and  objects  of  any  new  plans 
that  were  introduced. 

'^  Lord  Melville  was  ever  anxious  to  patronize  any  project  decidedly  advan- 
tageous to  the  navy.  In  fact,  it  is  to  him  that  we  owe  the  first  introduction 
of  the  application  of  steam,  as  a  locomotive  power,  to  the  ships  of  the 
navy.  So  early  as  the  year  1815  he  directed  the  Navy  Board  to  cause  a 
sloop  to  be  built  of  the  name  of  Congo^  and  to  order  a  steam-engine 
suitable  for  her  from  Boulton  and  Watt,  to  be  used  as  a  trial  in  a  ship  of 
war.  When  ready,  early  in  the  following  year,  the  engine  was  ordered  to 
be  sent  to  Plymouth,  where  it  might  be  useful  for  pumping  water.  The 
Congo  was  ordered  to  be  fitted  up  as  a  sailing  vessel,  to  be  commanded  by 
Captain  Tucker'^  (Captain  James  H.  Tuckey)  '^on  his  intended  expedition 
to  explore  the  African  river  of  that  name. 

"  What  objections  may  have  occasioned  this  change  I  forget,  but  while 
this  was  going  on  the  ingenious  Brunei  took  up  the  question  of  steam- 
navigation  ;  stated  all  the  difficulties  that  occurred  to  him — one  of  which 
was  the  external  fitting,  or  propelling  apparatus — ^and  he  undertook  to 
obviate  this  objection  by  a  practical  experiment.  There  had  been  a  steam- 
vessel  built  a  couple  of  years  before,  called  the  Regent,  I  believe  by  a 
private  individual,  and  purchased  as  a  packet  to  run  from  Margate  to 
London.  He  says,  '  On  the  9th  July,  1816,  the  Regent  left  Margate  with 
a  strong  gale  of  wind  blowing  right  a-head,  and  against  a  very  strong  tide. 
When  out  at  sea  the  gale  increased  very  much,  and  the  sea  broke  over  the 
vessel  for  several  hours.  The  covering  of  the  wheels  was  stove  in ;  they, 
however,  received  no  injury,  though  they  were  now  and  then  overwhelmed. 
The  steam-engine  yielding  gradually^  and  for  a  moment,  to  a  greater 
power,  was  soon  in  action  again.' 

"  Lord  Melville,  in  reply  to  Mr.  BruneFs  encouraging  letter,  says,  '  That 
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the  Board  deem  it  unneceMaiy  to  enter,  at  present,  into  the  consideration 
of  the  question,  as  to  how  far  the  power  of  the  steam-engine  may  be 
made  applicable  to  the  general  purposes  of  navigation;  but  as  it  would  be 
attended  with  material  advantage  to  his  Majesty's  service  if  it  could  be 
used  for  the  purpose  of  towing  ships  of  war  out  of  harbour^  in  the  Thames 
or  Medway,  and  at  Portsmouth  and  Plymouth,  when  they  would  be  pre- 
vented from  sailing  by  contrary  winds,  desire  him  to  submit  his  ideas  on 
that  part  of  the  subject,  if  it  appears  to  him  to  be  practicable/  To  this 
Mr.  Brunei  answers,  by  recommending  that,  as  this  is  a  practical  experi- 
ment, the  BegerU  (laid  up  for  the  winter)  should  be  employed  und»  the 
direction  of  some  competent  person.  The  trial  was  made,  and  firom  this 
period  may  be  dated  the  introduction  of  steam  navigation  into  the  English 
navy. 

"  Lord  Melville  was  now  so  fully  convinced  of  the  great  utility  which 
the  naval  service  would  derive  from  the  application  of  steam  as  a  propelling 
power,  that  he  ordered  a  small  vessel  to  be  built  at  Deptford,  by  Mr. 
Oliver  Lang,  to  be  called  the  Comet,  of  the  burthen  of  238  tons,  and  to 
have  engines  of  eighty  horse-power.  She  was  built  accordingly,  and  ready 
for  sea  in  1822 ;  and  this  little  ship  has  been  usefully  and  constantly  em- 
ployed ever  since,  and  no  complaint  made  either  of  the  hull^  the  engines, 
or  the  paddle-wheels ;  and  she  is  at  this  moment  always  ready  for  sendee 
at  the  shortest  notice.'^  *  She  has,  however,  since  been  removed  from  the 
employment  for  which  she  was  intended,  and  is  now  kept  for  particular 
service. 

Although  the  Comet  was  the  first  steam-vessel  built  for  the  navy  in 
either  of  the  government  dock-yards,  yet  she  was  not  the  first  steamer 
brought  into  the  service :  the  Monkey  was  the  first  of  which  I  have  any 
recollection,  or  find  any  record.  She  was  built  at  Botherhithe,  about  the 
year  1821,  upon  the  plan  of  Mr.  William  Elias  Evans.  Her  use  in  the 
navy  was  the  same  as  that  for  which  the  Comet  was  built ;  and  it  does  not 
seem  that  any  other  use  was  at  that  time  contemplated.  As  this  was  the 
first  naval  steamer,  so  she  is  the  oldest,  as  she  remains  a  useful  vessel  at 
the  present  time.  She  was  of  212  tons  burthen,  and  was  fitted  with  engines 
of  80  horse-power.  The  third  naval  steam-vessel  was  the  Sprightly,  built 
by  Messrs.  Wigram  and  Green,  at  Blackwall,  in  1823.  She  was  of  the 
burthen  of  234  tons,  and  had  engines  of  100  horse-power.  This  vessel  was 
employed  as  a  packet,  and  continued  running  between  Holyhead  and  Dublin 
till  1848.t  In  1824  the  Meteor  was  built  after  another  design  by  Mr. 
Lang :  her  tonnage  was  296,  and  her  engines  were  of  100  horse-power. 
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t  She  has  since  been  offered  for  sale  ;  but  not  being  disposed  of,  she  is  now  a  tender 
to  the  Port-admiral,  at  Portsmouth. 
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She  was  intended  to  be  employed  both  in  towing  ships  and  in  any  other 
duties  for  which  she  might  be  required. 

From  this  considerate  and  slow  introduction  of  steam-vessels  as  an 
auxiliary  in  naval  service,  they  became  appreciated ;  and  the  next  year, 
1825,  witnessed  the  building  of  four,  after  plans  by  three  constructors : — 
the  AJrican,  of  295  tons  and  90  horse-power,  by  Sir  Robert  Seppings; 
the  Avon,  of  861  tons  and  170  horse-power,  by  Mr.  Graham;  and  the 
Kite,  of  300  tons  and  170  horse-power,  and  the  Ludfer,  of  387  tons  and 
180  horse-power,  both  by  Messrs.  Humble  and  Hurry.  These  vessels  are 
still  in  the  service.  The  Alban,  of  405  tons  and  100  horse-power,  was 
built  in  1826,  on  the  plan  of  Sir  Robert  Seppings ;  and  the  Shearwater,  of 
343  tons  and  160  horse-power,  on  that  of  Mr.  Graham.  These  vessels 
likewise  remain  in  the  service.  In  1827  five  steam- vessels  were  built,  the 
largest  of  which  was  the  Carron,  of  494  tons  and  120  horse-power,  con- 
structed by  Sir  Robert  Seppings ;  and  the  use  of  them  in  the  government 
service  was  then  assuming  a  more  general  character. 

The  importance  of  employing  steam-vessels  led  now  to  the  adoption  of 
measures  calculated  to  improve  their  character.  The  Admiralty  desired 
to  engage  all  the  talent  in  the  service  with  the  view  to  this  end,  and 
invited  the  several  master  shipwrights  to  send  in  plans  which  they  respect- 
ively deemed  the  best  suited  for  steam-vessels.  Mr.  Roberts,  of  Devonport 
dock-yard,  supplied  the  plan  on  which  the  Rhtzdamanthus,  of  813  tons  and 
220  horse-power,  was  built ;  Mr.  Lang,  of  Woolwich,  supplied  the  lines  on 
which  the  Medea,  of  835  tons  and  220  horse-power,  was  built ;  Mr.  Seaton, 
of  Sheemess,  supplied  those  on  which  the  Salamander,  of  813  tons  and 
220  horse-power  was  built:  at  this  time  Sir  Robert  Seppings  gave  the 
design  for  the  Phcmix,  of  802  tons  and  260  horse-power.  This  steam- 
vessel  has  been  recently  fitted  with  a  screw-propeller.  It  is  no  disparage- 
ment of  the  talents  of  their  respective  constructors  to  say  that  these  vessels 
shared  in  the  imperfections  which  were  almost  necessary  to  a  time  when 
the  conditions  of  excellence  in  steam-vessels  were  only  in  the  course  of 
development ;  at  the  same  time  it  is  fair  and  just  to  say,  that  they  were  all 
useful  vessels,  and  they  have  been  durable  and  permanent  in  their  useftd- 
ness.  The  Dee,  of  704  tons  and  220  horse-power,  and  the  Fire-fly,  of  556 
tons  and  220  horse-power,  were  also  built  on  lines  supplied  by  Mr.  Lang. 
He  gave  a  proportion  of  1  horse-power  to  2*527  tons  in  the  Fire-fly,  1  to 
3*52  in  the  Dee,  and  1  to  3*8  in  the  Medea;  Sir  Robert  Seppings  gave 
1  horse-power  to  3*08  tons ;  Mr.  Roberts  gave  1  horse-power  to  3*7  tons ; 
and  Mr.  Seaton  gave  1  horse-power  to  3*718  tons. 

The  Columbia,  of  361  tons  and  100  horse-power,  constructed  by  Sir 
Robert  Seppings,  was  built  at  Woolwich,  in  1829.  In  that  year  were  six 
steam-vessels  built.  The  Black  Eagle,  yacht,  of  540  tons  and  260  horse- 
power, the  Flamer^  of  496  tons  and  120  horse-power,  and  the  Pluto,  of  365 
tons  and  100  horse-power,  constructed  by  Mr.  Lang;  the  Fearless,  of  165 
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tons  and  76  horse-power,  and  the  Myrtle,  of  116  tons  and  50  horse-power, 
were  coustracted  by  Messrs.  Fletcher  and  Feamell;  and  the  Swallow,  of 
133  tons  and  70  horse-power,  was  constructed  by  Mr.  Pitcher. 

It  is  impossible  to  trace  any  uniformity  in  the  disposition  of  power  to 
the  tonnage  of  the  vessel,  in  those  built  up  to  this  time.  In  these  vessels 
the  relation  of  horse-power  to  tonnage  varies  between  the  limits  of  1  to 
4*13  and  1  to  1*76.  The  Monkey,  designed  by  Mr.  Evans,  had  1  horse 
to  2*65  tons  burthen.  The  Comet  and  Meteor,  by  Mr.  Lang,  had  power 
to  tonnage,  respectively,  as  1  to  2'975  and  1  to  2*96 ;  whilst  his  more 
recent  constructions,  the  FJamer  and  Pluto,  had  it  in  the  relations  of  1  to  4*  1 3, 
and  1  to  3'65.  The  Black  Eagle,  being  a  yacht,  had  a  greater  relative  power, 
as  1  to  2'07.  Sir  Robert  Seppings  gave  a  rather  small  relative  power :  his 
first  vessel,  the  African,  had  the  proportion  as  1  to  3*27 ;  the  Alban,  as  1  to 
4'05 ;  the  Carron,  as  1  to  4*11;  and  the  Columbia,  as  1  to  3*61.  Mr. 
Graham  gave  a  power  as  1  to  2*12  and  1  to  2*14.  Messrs.  Humble  and 
Hurry  gave  1  horse-power  to  1*76,  and  1  to  2*15  tons.  Messrs.  Fletcher 
and  Feamell  gave  a  relative  power  as  1  to  2*17  and  1  to  2*82.  And  Mr. 
Pitcher  gave  a  power  as  1  to  1 '9  ton. 

From  the  year  1832  the  construction  of  steamers  was  a  charge  held  in 
the  hands  of  the  surveyor  of  the  navy.  Sir  William  Symonds  did  not 
proceed  rapidly  in  building  them,  nor  did  he  at  once  build  any  of  laige 
tonnage.  His  first  steam-vessel  was  the  Gleaner,  built  in  1833,  of  351  tons 
burthen  and  130  horse-power,  and  therefore  with  a  proportion  of  power  to 
tonnage  as  1  to  2*7.  In  1834  only  two  steamers  were  built, — the  Blazer 
and  Tartarus;  the  former  of  527  tons  and  120  horse-power,  and  the  latter 
of  523  tons  and  136  horse-power.  Sir  William  Symonds's  first  large 
steamer  was  the  Volcano,  of  720  tons  and  140  horse-power:  she  was  built  in 
1836.  It  may  be  observed  that  this  was  the  smallest  relative  power  given  to 
any  steam-vessel  in  the  naval  service,  being  as  1  to  5*14.  In  the  following 
year  the  Gorgon  steam-sloop  was  built,  of  1111  tons  and  320  horse-power. 
The  Acheron,  steam-sloop,,  of  722  tons,  and  the  Medusa,  Merlin,  and 
Hydra,  each  between  800  and  900  tons  burthen,  were  built  in  1838.  The 
relative  proportion  of  power  was  as  1  to  4*24  tons  in  the  Acheron ;  in  two 
of  the  others  it  was  as  1  to  2*96;  and  in  the  last  it  was  as  1  to  3*7.  Five 
steam-sloops  were  built  in  1839 ;  the  largest  of  which  was  the  Cyclops, 
(Plate  37,  fig.  1)  of  1195  tons  burthen,  with  a  load  displacement  of  1862 
tons,  and  320  horse-power ;  the  Vesuvius,  of  970,  and  the  Stromboli,  of  967 
tons  burthen,  both  of  them  having  engines  of  280  horse-power;  and  the 
Hecate  and  Hecla,  of  817  tons  and  240  horse-power. 

In  1840,  whilst  the  building  of  wooden  steamers  was  going  on,  after 
designs  by  the  surveyor  of  the  navy,  in  the  Minos,  to  be  employed  on 
Lake  Erie,  Driver,  steam-sloop,  Polyphemus,  steam-sloop.  Locust,  and  Me- 
dina, packet,  the  Dover,  packet,  was  built  of  iron  by  Mr.  Laird,  of  Birken- 
head.    In  the  following  year  Mr.  Laird  built  a  second  iron  steam-vessel  for 
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the  government  service ;  this  was  the  Albert y  of  456  tons  burthen  and  70 
horse-power.  The  building  of  large  steam-vessels  and  steam-sloops  went 
on  at  a  considerable  rate ;  in  1841,  besides  two  others,  there  were  five  sloops, 
from  1054  to  1059  tons  burthen,  with  engines  of  280  horse-power  j  and  in 
1842  there  were  four  of  the  same  tonnage,  with  engines  of  800  horse- 
power; six  other  steam-vessels^  varying  from  70  to  818  tons  burthen,  with 
engines  from  20  to  220  horse-power,  were  built  in  the  same  year,  and  also 
the  Firebrand,  steam-frigate,  of  1190  tons,  and  400  horse -power.  The 
royal  yacht,  Victoria  and  Albert,  of  1442  tons  displacement  and  400  horse- 
power, was  built  in  1843,  whilst  the  building  of  steam-frigates  and  sloops 
still  went  on.  Prom  the  year  1838  to  1843  there  was  no  important  com- 
petition to  interfere  with  the  plans  of  the  surveyor  in  regard  to  steam- 
vessels.  The  general  exclusion  of  collateral  skill  and  judgment  in  design- 
ing steam-vessels,  at  a  period  of  their  history  when  the  need  of  them 
was  indistinctly  perceived,  and  when,  therefore,  the  best  adaptation  of  form, 
dimensions,  and  power,  for  naval  uses  had  to  be  ascertained  by  approxima- 
tion, is  perhaps  the  cause  that  the  character  of  naval  steamers  did  not 
advance  more  quickly  towards  the  standard  of  required  excellence. 

In  the  year  1848  the  Penelope,  46-gun  frigate,  was  cut  asunder  in  the 
middle,  at  Chatham  dock-yard,  and  lengthened  by  the  addition  of  about 
sixty-five  feet^  and  had  engines  of  650  horse-power.  This  did  not  allow 
enough  displacement  for  the  greater  weight  she  would  be  required  to  carry ; 
hence  the  excess  of  weights  in  relation  to  the  displacement,  brought  the 
vessel  lower  than  was  expected.  An  amount  of  alterations  was  made  to 
restore  a  better  external  appearance;  but  this  experiment  has  not  been 
repeated. 

If  the  Penelope,  and  all  the  other  steam-frigates,  had  answered  to  perfec- 
tion in  their  capacity  to  carry  armament^  stores,  and  friel,  it  might  have 
been  inquired  of  those  who  wished  to  make  them  a  part  of  the  British 
navy,  to  what  purpose  of  warfare  may  these  vessels  be  put  which  would  not 
have  been  fulfilled  quite  as  well  by  vessels  of  far  greater  economy  in  con- 
struction and  maintenance?  What  is  the  compensation  of  merely  bow  and 
stem  guns  of  long  range  for  the  great  expense  at  which  they  may  be  brought 
into  use?  Would  not  these  be  borne  equally  well  by  smaller  vessels? 
Steam- vessels,  propelled  with  paddle-wheels,  are  not  suited  to  use  a  broad- 
side armament,  even  if  they  can  carry  it,  unless  it  may  be  in  the  few 
instances  in  which  the  machinery  has  been  brought  below  the  line  of  flota- 
tion. Even  in  these,  the  exposure  of  the  broadside  to  conflict  would  risk 
the  destruction  of  the  paddle-wheels,  and  therefore  the  loss  of  any  supe- 
riority to  sailing  ships. 

In  1844  the  official  exdusiveness  in  the  construction  of  steamers  was 
broken  through  by  the  earl  of  Dundonald,  who  obtained  the  approval  of 
the  Admiralty  to  a  plan  he  submitted  for  a  steamer  of  763  tons,  having  the 
bow  and  stern  alike ;  the  sections  were  similar,  and  were  formed  of  semi- 
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ellipses :  she  was  called  the  Janu$.  The  engines^  of  200  horse-power,  were 
also  on  his  own  plan;  bnt  as  they  did  not  answer  well  they  have  been 
taken  out,  and  common  engines  have  been  put  into  their  place,  with  which 
she  has  improved. 

In  the  same  year  the  Porcupine,  of  382  tons  burthen  and  140  horse- 
power, was  built  on  a  plan  selecte^d  by  the  board  of  Admiralty;  whilst 
several  steam-frigates,  after  the  surveyor's  plans,  were  launched — as  the 
Retribution,  of  which  a  few  particulars  have  been  mentioned ;  the  Sampson, 
of  1299  tons  and  450  horse-power;  and  the  Scourge,  of  1124  tons  and  420 
horse-power ;  and  two  iron  gun-vesseb,  of  340  tons  burthen,  and  150  horse- 
power, built  at  Glasgow. 

In  1845  there  was  a  still  wider  infringement  of  the  exclusive  privilege  of 
construction.  Messrs.  Ditchbum  and  Mare  built  the  Fairy,  her  Majesty's 
yacht  tender,  of  312  tons  and  128  horse-power:  she  was  fitted  with  a 
screw-propeller.  They  built  also  the  Myrmidon,  of  370  tons  and  150 
horse-power :  these  were  both  built  of  iron.  Mr.  Robert  Napier,  of  Glas- 
gow, built  the  Bloodhound,  also  of  iron,  of  378  tons  and  150  horse-power. 
And  Mr.  Lang  built  the  Terrible,  steam-frigate,  of  1850  tons  and  800 
horse-power.  The  only  steamers  on  the  surveyor's  plans,  that  were  launched 
during  the  year,  were  two  iron  gun-vessels,  built  at  Blackwall. 

In  the  years  1846  and  1847  competition  increased ;  but  plans  for  build- 
ing ships  were  received  by  the  Admiralty  on  different  conditions.  The 
Admiralty  formed  a  '^  Committee  of  Reference,''  including  two  shipwright 
officers  and  Dr.  Inman,  the  late  professor  of  mathematics  at  the  Royal  Naval 
College,  with  captain  Lord  John  Hay  as  its  chairman ;  and  they  now  re* 
ferred  all  designs,  as  well  those  of  the  surveyor  as  of  other  persons,  to  thia 
committee  for  investigation,  before  adopting  them.  This  is  not  the  place 
to  inquire  into  the  soundness  or  unsoundness  of  the  principle  which  admits 
of  general  competition  under  common  circumstances.  The  harmony  of  ar- 
rangements is  likely  to  be  disadvantageously  interfered  with  by  great 
latitude  in  this  respect ;  for  the  objects  of  such  an  administration  should  be 
most  definite  in  themselves,  and  distinctly  relative  to  each  other.  But  it  is 
clear  enough  that  circumstances  may  occur  in  which  the  range  of  competi- 
tion may  be  large,  and  yet  limited  by  such  conditions  that  it  shall  not  be 
injiurious ;  and  the  state  of  an  administration  may  be  quite  easily  appre- 
hended, in  connection  with  which  it  may  be  most  necessary  to  educe  talent 
and  exercise  skill  wherever  they  may  be  found.  The  effect  of  such  a  course 
under  the  late  and  the  present  boards  of  Admiralty,  has  been  to  lay  the 
foundation  of  a  most  necessary  reform,  not  only  in  the  construction  of 
steam- vessels,  but  also  of  sailing-ships.  It  was  the  means  of  demonstrating 
the  error  which  had  prevailed  year  after  year  of  building  lai^e  steam-ships 
whose  armament  must  be  Umited  to  bow  and  stem,  and  four  broadside  guns ; 
for  it  has  shown  that  vessels  of  much  less  tonnage  and  power  of  machinery 
could  carry  as  powerful  an  armament,  be  equally  fast  under  steam,  and 
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supply  as  great  space  for  the  conveyance  of  troops.  It  may  also  be  observed^ 
that  the  steam-frigates  which  this  expedient  policy  has  been  the  means  of 
bringing  into  the  navy  are,  unlike  a  number  of  those  which  preceded 
them,  frigates,  as  well  in  the  efficient  armament  they  bear,  as  in  the  impos- 
ing appearance  of  large  dimensions  and  broadside  ports. 

There  are  two  objects  yet  to  be  noticed,  towards  which  special  efiTorts 
have  been  directed  with  success.  The  production  of  steam-frigates  able  to 
carry  and  use  broadside  armament  on  the  main  deck,  was  regarded  by  the 
late  board  of  Admiralty  as  so  important,  that  they  gave  instructions  in 
February,  1845,  for  the  building  of  the  Odin.  The  results  aimed  at  in 
constructing  this  ship  were, — capability  of  carrying  broadside  armament ; 
diminished  rolling,  in  comparison  with  any  war  steamers  then  built,  that 
she  might  be  able  to  use  such  armament ;  and  less  draught  of  water  in 
relation  to  the  size.  These  objects  were  accomplished ;  but  as  the  position 
of  the  machinery  and  boilers  is  partially  above  the  water-line,  and  the  pro- 
peUers  are  exposed  to  danger  in  broadside  fighting,  the  ship  is  necessarily 
imperfect  in  these  two  conditions,  as  well  as  in  the  position  of  her  sails ; 
for  in  tbis  case  the  proper  place  of  the  mainmast  was  occupied  by  the 
boilers,  and  consequently  the  centre  of  effort  of  the  wind  on  the  sails  is  in 
a  wrong  place. 

Bear-admiral  sir  Charles  Napier,  observing  the  conditions  that  were  aimed 
at  in  the  lines  of  this  ship,  fully  appreciated  the  object ;  but  he  saw  the  im- 
portance of  including  another  condition, — ^that  of  protecting  the  machinery, 
boOers,  and  steam-chest,  by  placing  them  below  the  water-line.  He  therefore 
obtained  permission  to  present  a  plan  for  a  steam-frigate  to  include  that  con- 
dition, and  also  to  carry  more  coals.  This  was  the  Sidon.  He  Airther  obtained 
permission  of  the  board  of  Admiralty,  and  of  the  constructor  of  the  Odin, 
to  use  the  lines  of  that  ship  for  the  Sidon,  with  some  alteration  in  the  prin- 
cipal dimensions,  especially  in  the  depth  of  the  hold,  which  was  greater  by 
2  feet  9  inches.  By  this  means  greater  space  was  obtained  for  the  stowage  of 
coals,  and  iron  tanks  were  placed  in  the  hold  to  contain  them ;  and  these 
tanks  are  filled  with  water  when  the  coals  have  been  removed,  and  the 
ship^s  draught  of  water  is  rendered  less  variable,  a  result  of  considerable 
value  to  the  effective  working  of  the  paddle-wheels ;  but  she  has  less  stability 
than  the  Odin,  I'he  order  to  build  this  ship  was  made  on  the  26th  May, 
1845 ;  but  the  execution  of  it  was  hurried,  and  the  Sidon  was  launched 
before  the  Odin.  Sir  Charles  Napier  fulfilled  his  purpose  in  the  Sidon ; 
but  the  danger  common  to  all  paddle-wheel  steamers,  of  having  their  pro- 
pellers exposed  in  lateral  engagements,  is  still  a  defect. 

The  most  successful  effort  at  producing  fast  steamers  has  resulted  from  the 
competition  which  the  board  of  Admiralty  induced  for  separate  dfesigns  for 
four  steam-packets,  to  occupy  the  station  between  Holyhead  and  Kingstown. 
The  four  constructors  who  submitted  plans  for  these  vessels  were  sir  Wil- 
liam Symonds,  for  the  Caradoc ;  Mr.  Oliver  William  Lang,  of  Chatham 
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dock-yard,  for  the  Banshee ;  Messrs.  Miller  and  Ravenhill  for  the  lAewetlyn 
and  Mr.  John  Laird,  of  Birkenhead^  for  the  SU  Columba.    The  followin 
table  states  the  principal  dimensions  of  these  vessels,  and  also  some  other 
information,  showing  their  actual  and  relative  capabilities  of  speed. 


PARTICULARS. 


Cmrmdoe. 


Ba$uket, 


UeweUgn, 


Si. 


Length  between  perpendiculars 
Breadth  of  vessel 
Breadth  over  paddle-boxes    . 
Depth  in  hold  .  .    '    . 

Draught  of  water  .        .  {  ^"^ 

Light  displacement  in  tons    . 

Burthen  in  tons  .        . 

Diameter  of  paddle-wheels    . 

Nominid  horse-power  of  enffines 

Diameter  of  cylinder  in  inches 

Length  of  stroke 

Revolutions  per  minute 

Breadth  of  paddle-wheel  . 

Dip  of  padale-wheel      • 

Ai^  of  paddle-wheel 

Area  of  the  midship  section  . 

Time  occupied  in  making  the  shortest  pas- 
sage between  Holyhead  and  Kingstown 
from  the  Ist  Aug.  to  the  31st  Dec.,  1848 

Rate  in  knots  per  hour 

Rate  in  miles  per  hour 

Time  of  longest  passage 

Rate  in  knots  per  hour 

Rate  in  miles  per  hour  . 

Average  time  of  passage   . 

Rate  in  knots  per  hour 

Rate  in  miles  per  hour 


;} 


Pressure  on  the  safety-valve 

Time  of  making  the  shortest  passage,  from\ 
1st  Jan.  to  Tst  March,  1849,       .        .  J 
Time  of  longest  passage        .        .        .        . 
Average  time  of  passage  in  1848-9    .        .    . 
Shortest  time  of  passage,  from  Ist  Aug.  tol 

1st  Oct.,  1849,  .        .  ./ 

Average  time  of  passage,  fix)m  1st  Aug.  tol 

Ist  Oct,  1849 j 


ft.      im. 

193    0 
26    9 

14    9 


260 

662 

25    6 

350 

74 

6    0 

28 

8    0 


h.    in.    ■. 

4  0    0 

14-0 
1613 

5  52    0 

9-6 
10-94 

4  30    0 
12-45 
14-34 

lbs. 

14 

h.  in.      s. 

3  59    0 

5  16    0 

4  31  25 

3  54    0 

4  26    0 


ft.     in*. 

189  0 
27  2 
49  6 
14    9 

8  10 

9  2 
270 
670 

25    0 
350 
72 
5    6 
30 
9    0 
5    6§ 

33    9 

190  0 

h.    n.    ■• 

3  26    0 

16-32 
18-80 
5  23    0 
10-4 
12-0 

4  2  48 
13*84 
15-95 

lbs. 

14 

h.  n.      s. 

3  36    0 

7  43  *0 

4  3    8 

3  26    0 

4  3    0 


ft.      ins. 

190    0 
26    6 


323 
654 
30    0 
350 
68 
4    4 

27 
8    6 

30  10^ 

h.    m.    a. 

3  41     0 

15*2 

17-5 

5  28    0 

10-24 

11-79 

4  15  30 
1310 
1510 

lbs. 

20 

D.  in>      s. 

3  37    0 

4  50    0 
4    9  30 

3  36    0 

4  6    0 


ft. 

iBS. 

198 

6* 

27 

3 

43 

6 

15 

5 

9 

2 

8 

74 

2J 

'2 

719 

28 

0 

350 

7C 

) 

5 

6 

25h 

6 

0 

5 

^ 

27 

0 

h«    m.     s. 

3  56    0 

14-23 

16-37 

6  23    0 

8-77 

10-10 

4  38  48 
12-05 
13-00 

Iba. 

14 

b.    m.     a. 

4    8    0 

6  30    0 
4  40  42 

4    3    0 
4  40    0 


The  ordinary  performances  of  these  four  packets,  as  well  as  their  per- 
formances especially  under  trials  have  determined  their  relative  merits. 
Their  service  is  one  that  demands  at  all  times  the  greatest  effort  that  can 
be  made ;  and  therefore  it  is,  no  doubt,  quite  fair  to  conclude  that  they 
have  done  all  that  they  are  capable  of  doing,  and  that  the  following  order 
of  merit  is  strictly  correct:   Banshee,  first;  LleweUyn,  second;    Caradoc, 


*  This  passage  was  made  in  a  state  of  weather  so  bad,  that  no  other  steam-packet 
ventured  to  attempt  it  on  that  day. 
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third;  St.  Columba,  fourth.  It  will  be  observed  that  the  pressure  of  steam, 
kept  up,  was  the  same  (141bs.  on  the  valve),  in  all  except  the  Llewellyn^  in 
which  it  was  20  lbs.  Sufficient  time  has  elapsed  to  sanction  the  inference 
thus  drawn  of  relative  excellence  as  to  speed,  whilst  there  is  no  doubt  that 
each  of  them  bears  a  character  of  very  high  order. 

In  looking  at  the  capabilities  of  steam-vessels  at  the  time  of  their  earliest 
use,  and  at  the  present  time,  it  is  evident  at  the  first  glance,  that  improve- 
ments in  them  have  been  very  great.  The  second  thought  is,  wherein  do  the 
improvements  consist  ?  Very  brief  inquiry  leads  us  to  a  knowledge  of  the 
fact,  that  improvements  have  been  made  both  in  the  form  of  the  vessel,  and  in 
the  character  of  the  engine.  From  this  point  the  inquiry  is  involved  in  more 
difficulty,  inasmuch  as  the  alterations  which  have  developed  the  improve- 
ments have  gone  on  simultaneously.  Improvement  in  steam-vessels  com- 
monly implies  increase  of  speed.  Now,  although  the  water  always  presents 
a  similar  resistance  to  similar  bodies  moving  at  the  same  velocity  in  it,  yet 
the  facility  of  overcoming  that  resistance  varies  under  varying  conditions, 
in  vessels  which  have  the  same  area  of  midship  section.  This  fact  has  been 
clearly  apprehended  by  constructors  of  steam-vessels,  whilst  the  law  which 
determines  the  variations  in  the  conditions  remains  yet  unknown.  Hence, 
whilst  vast  numbers  of  trials  have  been  made  to  obtain  greater  speed  in  steam- 
ers, by  means  of  the  form  of  body,  they  have  been  so  many  experiments  not 
controlled  by  law,  but  aiming  simply  to  realise  advantageous  results.  These 
have  been  obtained ;  but  they  are  yet  involved  with  those  of  other  conditions, 
in  a  way  that  seems  at  present  to  defy  analysis.  Experience  has  shown,  that 
with  the  same  area  of  midship  section,  different  water-lines  are  best  suited 
to  diflferent  degrees  of  speed ;  but  this  condition  remains  to  be  defined. 

Experience  has  obtained  great  improvements  in  the  character  of  marine 
steam-engines  and  boilers ;  the  engines,  not  only  in  weight,  and  in  the  space 
which  they  occupy,  but  in  the  workmanship,  and  in  the  arrangement  of  their 
parts.  Formerly  the  pressure  on  every  square  inch  was  only  from  four 
to  six  pounds  above  the  pressure  of  the  atmosphere,  making  a  positive 
pressure  of  not  more  than  twenty  pounds,  and  the  whole  efiective  power  of 
the  engine  was  seldom  more  than  twice  the  nominal  power ;  often  it  was 
much  less.  Now  the  positive  pressure  is  sometimes  forty  pounds  on  a 
square  inch,  and  the  real  power  becomes  four  or  five  times  the  nominal 
power.  Hence,  with  the  same  nominal  horse-power  of  engines  that  was 
used  formerly,  there  is  now  a  great  accumulation  of  actual  force.  This  is, 
undoubtedly,  a  cause  of  no  inconsiderable  measure  of  the  increase  of  speed 
which  has  been  obtained.  The  production  of  greater  results  by  the  same 
nominal  force  appears  at  first  to  be  a  highly.  "laluable  improvement  in  point 
of  economy,  eflFected  in  marine  steam-engines ;  and  to  some  extent  im- 
provement may  have  gone  in  this  direction ;  but  as  the  current  expense  of 
an  engine  depends  chiefly  on  its  consumption  of  fiiel,  and  as  a  given  quan- 
tity of  fuel  is  capable  of  generating  only  a  given  quantity  of  heat,  the 
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measore  of  economy  is  perhaps  much  less  than  is  commonly  apparent  in 
many  of  the  engines  of  the  most  modem  construction. 

With  the  same  machinery^  the  force  varies  under  different  circumstances, 
as  the  pressure  of  steam  and  the  vacuum  at  any  time  of  trial ;  and^  under 
some  circumstances,  the*  effective  power  of  the  engine  may  not  only  be 
reduced^  but  tlie  resistance  on  the  body  may  be  increased;  for  if  the  power 
does  not  act  in  such  a  direction  that  the  effort  to  impel  the  vessel  shall  pass 
through,  or  in  a  proper  relation  to  the  mean  resultant  of  the  pressure  of  the 
water  on  the  bottom,  the  correct  water-line  of  the  body  is  forced  firom  its 
parallelism  to  the  surface  of  the  water,  becoming  depressed  at  one  or  the 
other  of  its  extremities ;  and  when  the  direction  of  the  force  is  not  the  same 
as  that  of  the  motion  of  the  body,  a  part  of  the  power  of  the  engine  is 
thereby  lost.  The  deviation  from  parallelism  is  increased  by  the  elevation 
of  water  at  the  bow,  and  its  depression  at  the  stem,  of  a  vessel  going  at  a 
great  velocity.  The  place  of  the  mean  resultant  of  the  water  on  the  body 
will  vary  with  differences  of  form. 

The  two  general  causes  just  noticed  have  long  been  in  combination,  pro- 
ducing the  improvement  now  under  consideration ;  but  the  instances  in  which 
one  cause  has  operated  apart  from  the  other  have  been  comparatively  few, 
and  the  results  of  these  have  been  so  insufficiently  marked  and  recorded,  that 
there  are  not  data  enough  to  show  how  much  of  the  general  result  is  owing 
to  one  cause,  and  how  much  of  it  is  due  to  the  other.  In  fact,  steam  navi- 
gation has  all  along  been  a  matter  of  commerce  rather  than  of  science. 
It  has  not  unfrequently  happened  that  a  steam-vessel  has  failed  at  first  of 
fulfilling  the  purposes  for  which  she  was  intended,  and  alteration  has  been 
necessary.  In  some  of  these  cases  the  form  has  been  altered  by  lengthening 
the  bow,  or  increasing  the  fineness  of  the  run ;  and,  at  the  same  time,  the 
machinery  has  been  improved  also.  The  result  has  been  a  satisfactory 
increase  of  speed;  but  the  compound  character  of  the  alteration  makes  it 
impossible  to  tell  definitely  how  much  is  a  consequence  of  each  cause  re- 
spectively. Without  questioning  that  much  of  the  improvement  in  the 
speed  of  steam-vessels  has  resulted  from  alterations  in  the  form,  it  can 
hardly  be  doubted,  considering  the  actual  improvement  which  is  known  to 
have  been  made  in  the  machinery,  that  the  larger  proportion  of  improve- 
ments in  steam-vessels  has  resulted  from  this  cause. 

There  is,  however,  good  evidence  that  sharp  or  lengthened  bows  are  gene- 
rally advantageous  in  mercantile  steam-vessels.  Their  weights  are  not  so 
distributed  as  to  require  the  same  degree  of  buoyancy  at  the  extremities 
that  is  necessary  in  war  steamers.  For  commercial  purposes  speed  is  usually 
a  primary  consideration.  In  war  steamers  the  requirements  are  somewhat 
different;  for  whilst  speed  is  never  of  small  consideration,  other  conditions 
have  to  be  connected  with  it ;  and  great  speed  takes  the  place  of  a  secondary 
quality :  the  capability  of  bearing  armament  well,  and  of  using  it,  is  of 
course  prior  in  importance  to  other  qualities,  as  no  others  would  compeu- 


AVVANTAOES    AND    DEFECTS    OF   PADDLE-WHEELS.  389 

sate  for  the  want  of  this.  Heavy  guns  at  the  extremities  of  war  steamers 
are  always  deemed  essential  to  their  armament.  These  require  to  be  sup- 
ported by  a  buoyancy  that  would  not  be  realised  with  the  degree  of  sharp- 
ness which  is  admissible  in  commercial  steamers.  In  order^  therefore^  to 
restrict  the  motions  of  pitching  and  Vending  within  moderate  limits^  in 
war  steamers,  the  advantages  of  speed  which  result  from  extreme  sharpness 
must  be  foregone;  but  whilst  war  steamers  are  under  that  condition,  the 
limitation  of  sharpness  to  the  bow  is  not  such  as  to  hinder  a  degree  of 
speed  which  is  little  short  of  that  obtained  on  an  average  by  sea-going 
steamers  employed  in  commerce.  Observation  has  yet  failed  of  determining 
the  limit  which  is  best  for  the  bows  of  war-steamers,  all  things  being  con- 
sidered. It  has,  however,  been  observed,  that  although  a  steamer  with  a 
sharp  bow  does  not  rise  to  the  waves  so  much  as  a  full-bowed  vessel,  yet  she 
divides  them  with  a  degree  of  facility  which  gives  her  an  advantage  about 
equivalent  to  that  of  greater  buoyancy  in  the  full-bowed  vessel,  especially 
when  pressed  against  a  head  sea. 

That  the  form  of  steam-vessels  has  been  considerably  altered  since  their 
introduction,  may  be  seen  by  reference  to  plates  38,  39,  40,  41,  42,  43^ 
and  44.  Plate  38  shows  the  form  of  one  of  the  first  steam-vessels  intended 
to  run  short  distances,  with  passengers  only.  Plate  39  shows  one  of  the 
last  and  most  improved  forms.  Plate  40  shows  the  form  of  a  vessel  built 
by  Mr.  W.  E.  Evans,  to  be  sent  to  Norway;  and  Plate  41  shows  that  of 
one  of  the  more  modem  steamers,  built  for  crossing  the  British  Channel. 
The  forms  of  war  steamers  are  shown  in  plates  42  and  43 ;  that  shown  in 
plate  42  is  a  steam-sloop,  built  in  1836;  and  that  in  plate  43  is  a  steam- 
sloop,  built  in  1849 ;  plate  44  shows  the  form  of  a  steam-frigate,  buUt  in 
1839 ;  and  plate  45,  that  of  a  steam-frigate,  built  in  1846. 

From  the  time  when  steam  mvigation  became  appreciated  in  this  country, 
much  talent  and  ingenuity  were  employed  to  diminish  the  imperfections  of 
the  machinery  and  the  paddle-wheels,  as  a  system ;  and  when  we  regard  the 
magnitude  of  the  interests  associated  with  steam  navigation,  we  cannot  fail 
of  observing  that  such  an  object  was  worthy  of  the  eminent  talent  which 
distinguishes  the  civil  engineers  of  Great  Britain.  Their  success  was  partial, 
but  no  more.  It  seems  that  the  system  is  essentially  imperfect,  for  whilst 
paddle-wheels  may  perhaps  possess  superior  advantages  in  the  navigation 
of  rivers,  in  which  there  is  but  a  small  depth  of  water,  still  nothing  has 
been  even  promised,  to  realise,  in  their  working,  a  uniform  effect  in  heavy 
seas. 

In  this  state  of  steam  navigation  a  propeller,  including  the  effective 
power  of  paddle-wheels,  without  their  defects,  must  be  of  great  value. 
The  idea  of  employing  a  screw  for  such  purpose,  which  had  at  different 
times  received  a  cursory  attenticm,  now  produced  a  fixed  purpose  of  actual 
usefulness.  The  well-known  fact  of  the  screw-pump's  having  been'  the 
invention  of  Archimedes,  excludes  all  pretension  to  modem  originality, 
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either  rs  to  the  foim  of  the  instrument  or  to  its  power  to  act  on  a  fluid. 
The  great  merit  of  making  the  screw  available  to  the  propulsion  of  ships 
seems  to  consist^  rather  in  the  simplicity  and  efficacy  of  its  application,  than 
in  inventive  genius ;  for  the  power  of  a  helical  blade  in  water  was  proved  in 
the  use  of  the  piunp. 

The  application  of  the  screw,  or  helical  blade^  to  the  propulsion  of  vessels, 
was  suggested,  if  not  acted  on^  in  France^  at  least  120  years  ago.  In  an 
appendix  to  ^'Tredgold  on  the  Steam-engine/'  the  writer,  Mr.  Elijah 
Ghdloway^  gives  a  description  of  the  arrangement,  firom  a  work  entitled 
"  Machines  et  Inventions  Approuv^  par  PAcad^mie  Royale  des  Sciences 
depuis  1727  jusqu'au  1731/'  The  contrivance  was  made  by  M.  Duquet, 
and  its  object  was  to  draw  vessels  up  a  river  against  the  current.  The  screw 
consisted  of  a  helical  blade^  forming  one  turn  and  a-half  on  an  axis ;  and  it 
was  suspended  upon  bearers  placed  between  two  boats,  fixed  in  a  position 
parallel  to  each  other.  These  two  boats  were  intended  to  be  stationary,  and 
the  screw  to  be  put  in  motion  by  the  force  of  the  current.  On  one  end  of 
the  axis  there  was  a  grooved  wheel  connected  with  two  other  pulleys,  fixed 
on  frame- work  for  the  purpose,  and  giving  motion  to  ropes  attached  to  two 
vessels,  which  partially  balanced  each  other,  and  the  required  motion  was 
intended  to  be  given  by  this  means.  The  diagram  copied  from  the  original 
work  by  Mr.  Galloway,  represents  the  screw  to  be  suspended  nearly  ont  of 
the  water :  in  this  condition  it  is  evident  that  no  use  could  be  made  of  it ; 
and  the  velocity  which  it  could  take  from  the  force  of  the  current,  even  if 
it  had  been  correctly  placed,  may  hardly  be  supposed  enough  to  overcome 
any  considerable  resistance. 

In  the  year  1768  a  little  book  was  published  at  Paris,  under  the  title  of 
"  Thforie  de  la  Vis  d'Archimede,''  by  M.  Paucton.  Besides  treating  of 
the  screw  as  an  hydraulic  machine,  the  author  suggests  two  uses  of  it  in  na- 
vigation. The  first  of  these  is  to  ascertain  the  speed  of  a  ship.  He  says, 
'*  if  it  were  made  on  a  small  scale,  and  placed  under  the  water  in  the  direc- 
tion of  the  ship,  it  would  communicate  its  movement  to  wheels  which  would 
measure  the  way  much  more  exactly  than  the  log  which  seamen  use.'' 

The  next  use  to  which  it  was  proposed  is  the  propulsion  of  vessels.  After 
describing  the  mechanical  operation  of  the  oar,  as  a  lever,  he  says,  ''  I  am 
surprised  that  no  one  has  proposed  to  change  the  form  of  the  common  oar," 
seeing  that  no  inconsiderable  portion  of  the  power  employed  in  working  it 
does  not  operate  directly  to  the  progress  of  the  boat.  He  therefore  intro- 
duces his  own  proposal  for  the  change  which  he  thought  desirable.  ''  To 
remedy  this  inconvenience,  it  would  be  necessary  to  substitute  for  the  com- 
mon  oar  an  instrument  whoso  action  might,  if  possible,  be  imiform  and  con- 
tinuous: now  I  think  this  property  exists  in  perfection  in  the  piSrophore. 
Two  of  these  may  be  placed  horizontally,  and  parallel  to  the  length  of  the 
vessel,  one  each  side,  or  one  only  at  the  fore  part.  The  ptdrophore  will 
be  immersed  entirely  in  the  water,  or  only  up  to  its  axis,  &;c.)  as  it  is  desii^. 
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The  size  o{  the pt6rophore  will  depend  on  that  of  the  vessel^  and  the  curvature 
of  the  blade  on  the  velocity  which  it  is  proposed  to  produce/'*  The  descrip- 
tion given  of  the  ptArqphore  is,  that  it  is  an  instrument  composed  of  a  cir- 
cumvolution of  a  helical  blade  about  a  cylinder;  the  radii  in  this  blade 
being  at  right  angles  to  the  axis. 

Prior  to  any  experiments  in  England^  which  I  have  found  recorded,  of 
steam  propulsion,  by  means  of  either  the  paddle-wheel  or  the  screw,  we 
find  a  patent  taken  out  by  Joseph  Bramah,  in  1785,  for  the  use  of  both 
these  instruments,  ''  for  the  purpose  of  rowing  or  forcing  ships  and  other 
vessels  in  calm  weather/^  f  One  instrument  is  described  as  being  ^'  like 
the  water-wheel  of  a  mill  or  engine/'  and  was  required  to  be  partly  out  of 
water;  the  other  is  described  as  having  '^  inclined  fans  or  wings,  similar  to 
the  fly  of  a  smoke- jack^  or  the  vertical  sails  of  a  windmill :  '^  this  had  to  be 
''  whoUy  under  water."  Both  instruments  were  to  be  fixed  at  the  stem  of 
the  ship,  and  the  moving  power  was  intended  to  be  ^'  a  steam-engine  on 
the  rotatory  principle.''  It  does  not,  however,  appear  that  the  truly  inge- 
nious author  of  the  plan  ever  reduced  it  to  experiment. 

The  next  effort  in  England  bearing  upon  this  subject  appears  to  have 
been  the  taking  out  of  a  patent  by  Mr.  William  Littleton,  a  merchant 
of  London,  in  July,  1794^  for  a  screw-propeller,  to  be  worked  by  means  of 
a  capstan  turned  by  men.    I  do  not  find  that  it  was  ever  used. 

The  next  step  we  are  acquainted  with  was  the  application  and  use  of  a 
propeller  patented  by  Mr.  Edward  Shorter,  of  London,  in  February,  1800. 
The  record  that  has  survived  of  this  fact  does  not  inform  us  what  was  the 
form  of  the  propeller,  nor  how  it  was  applied;  but  as  it  was  used  in  the 
Doncaater,  transport  ship,  in  1802,  it  was  worked  by  means  of  a  capstan, 
and  it  propelled  the  ship  at  the  rate  of  a  knot  and  a  half  an  hour.  Mr. 
David  Napier  had  an  opportunity,  many  years  after  that  events  of  seeing 
the  result  of  Mr.  Shorter's  ingenuity  and  labours  in  models  of  a  great 
variety  of  propellers,  and  in  different  methods  of  their  application  to  ships ; 
but  it  seems  not  to  have  transpired  what  was  either  the  form  or  mode  of 
application  of  the  propeller  used  in  the  Doncaater.  His  propellers  consisted 
of  screws  with  one  thread,  two,  three,  and  four  threads ;  and  also  of  narrow 
blades  or  arms,  projecting  firom  an  axis ;  and  he  had  contemplated  the  fixing 
of  them  in  the  dead  wood  as  well  as  at  the  quarters  of  ships.  It  does  not 
appear  that  any  further  application  of  Mr.  Shorter's  propellers  was  made. 

In  June,  1815,  Mr.  Trevithick^  of  Camboume^  in  Cornwall,  took  out  a 
patent  for  a  fixed  screw  propeller^  to  work  in  a  cylinder;  and  in  1816  Mr. 
John  Millington,  an  engineer  of  London,  patented  the  use  of  a  propeller 
similar  to  a  smoke-jack,  to  be  placed  abaft  the  rudder,  and  to  be  worked 
with  a  universal  joint. 

At  this  time  (1816)  Mr.  Robertson  Buchanan  called  attention  to  this 

*  Pp.  208—210.  t  Specifioation, 
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•abject  in  his  "  Practical  Treatise  on  Propelling  Vessels  by  Steam/'  ftc., 
in  which  is  the  following  passage :  '^  Experiments  have  been  made  on  a 
kind  of  screw ;  but  this^  I  believe^  after  a  trial  on  a  considerable  scale  in 
America,  was  rejected/'  * 

Of  the  attention  which  was  given  to  this  snbject  in  America^  we  know 
but  little  beyond  the  mere  plans  that  were  formed*  Marestierf  has  sap- 
plied  as  with  the  information  he  was  able  to  obtain  there ;  bat  he  indodes 
the  forms  of  propellers  which  had  been  only  proposed^  with  those  which 
had  been  tried,  and  does  not  indicate  die  distinction.  ''  Some,''  he  says, 
"  are  manifestly  complicated ;  others  ill  disposed ;  all  are,  perhaps,  inferior 
to  the  means  hitherto  employed."  He  describes  a  "helical  iufface/^  or 
the  screw-propeller,  applied  in  two  ways :  first,  as  partially  enclosed  in  a 
channel  formed  in  the  bottom  of  a  boat,  and  extendiag  nearly  her  whole 
I  length,  forming  three  turns  upon  its  axis.    The  moving  power  was  applied 

I  to  a  vertical  axis  at  the  stem  of  the  boat,  and  communicated  to  the  screw 

by  means  of  two  bevel  wheels.  Another  arrangement  of  the  heUcal  murface 
was  that  of  two  screws,  each  of  them  consisting  of  two  turns  upon  its  axis, 
placed  between  two  boats.  The  boats  were  parallel  to  each  other,  and  the 
screws  also ;  but  these  were  formed  to  work  in  opposite  directions,  and 
they  appear  to  have  occupied  in  length  nearly  half  that  of  the  boats.  Two 
horses  were  required  to  give  motion  to  these  screws;  but  it  does  not 
appear  that  either  of  these  plans  had  been  reduced  to  the  test  of  experi- 
ment. Many  arrangements  for  the  propulsion  of  vessels  were  pointed  out 
in  that  book ;  perhaps  few  of  them  were  ever  of  any  service.  After 
describing  twenty  plans,  M.  Marestier  says,  "  I  have  made  no  remark  on 
the  inconveniences  of  the  various  combinations  of  which  I  have  just  given 
an  idea,  because  they  are  generaUy  evident  enough." 

Necessity  sustained  the  impulse  which  had  been  formed,  for  the  con- 
trivanoe  of  something  preferable  to  paddle-wheels;  but  it  was  left  to 
England  to  supply  the  desiderattun.  And  in  the  year  1825,  a  premium 
was  offered  for  the  best  plan  of  propeUing  vessels  without  paddles ;  and 
one  was  proposed  by  commander  Samuel  Brown,  R.N.,  and  accepted.  A 
patent  was  taken  out  for  this  on  the  ISth  of  March.  The  propell^  was 
formed  of  two  blades,  projecting  from  an  axis  with  which  they  formed  an 
angle  of  45^,  and  placed  at  the  head  of  the  vessel,  where,  by  means  of 
joints,  it  was  capable  of  being  raised  out  of  the  water  without  beii^  dis- 
connected. It  was  worked  by  a  12-hor8e  power  engine.  The  results  of 
the  few  trials  that  were  made  seem  to  have  been  satisfieu^tory ;  for  commander 
Brown  built  a  second  vessel,  which  he  fitted  up  with  the  same  machi- 
nery ;  and  in  this  instance,  the  results,  more  distinctly  recorded,  appear  to 
have  been  more  decidedly  successful.  The  project  was  nevertheless  given 
up  by  him. 

*  See  also  note,  ante,  p.  285. 

t  M6xnoire  sur  les  Bateaux  k  Vapeur  des  Etats-Unis  d'Am^rique,  &c.    Paris,  1624. 
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In  December^  1828^  Mr.  Charles  Cuinmerow,  a  merchant  of  the  city  of 
London^  took  out  a  patent  for  a  screw-propeller,  formed  of  one  complete 
turn  of  the  blade  upon  its  axis,  to  be  fixed  abafb  the  rudder,  paraUel  to  the 
line  of  the  keel.  And  in  July,  1829,  Mr.  Jacob  Perkins,  of  London,, 
engineer,  patented  the  use  of  a  propeller,  formed  of  two  blades,  to  be  fixed 
at  the  stem  of  the  vessel. 

All  these  efforts^  viewed  in  connexion  with  the  available  power  of  steam^ 
indicate  that  the  maturity  of  art  now  required  the  full  development  of  the 
principle  and  efficacy  of  the  screw,  as  appUcable  to  navigation.  The  pro» 
gress  of  experiment  had  become  too  extensively  known  to  allow  the  subject 
to  sink  again  into  obUvion ;  and  if  success  had  not  been  adequate  to  the 
efforts,  attention  had  been  excited  on  both  sides  of  the  Atlantic;  and 
the  investigation  of  the  subject  was  recommended  by  several  emin^it 
engineers. 

In  March,  1832,  Mr.  Bennet  Woodcrofb  took  out  a  patent  for  ^'  Certain 
improvements  in  the  construction  and  adaptation  of  a  revolving  spiral 
paddle,  for  propelling  boats  and  other  vessels  on  water.''  That  waa  the 
screw-propeller,  which  is  now  generally  known  by  the  particular  condition 
of  its  increasing  pitch.  He  calls  it  *'  a  spiral  worm,  blade,  or  screw  coiled 
round  a  shaft  or  cylinder,  of  any  convenient  length  and  diameter.''  The 
situations  proposed,  in  the  specification  of  the  patent,  for  the  working  of 
this  screw,  were^  the  sides  of  the  vessel  and  ^*  under  the  stem,''  to  be 
worked  by  steam-power.  Little  was  known  of  thia  propeller  for  several 
years.  It  appears  not  to  have  attracted  the  notice  of  those  who  were  most 
ardently  interested  in  the  same  object;  but  in  1842  a  vessel,  built  for 
commercial  purposes,  was  fitted  with  it. 

Mr.  Woodcraft's  claim  to  priority  of  design  will  not  be  considered 
here,  beyond  the  statement  of  facts  proving  that  ingenuity  had  been  applied 
to  the  same  object,  and  had  accomplished,  some  years  previously,  about 
as  much  as  he  accomplished,  except  the  peculiarity  of  his  screw ;  for  the 
design  had  been  truly  conceived  already,  and  the  condition  necessary  to 
the  success  of  the  project  was,  the  right  place  for  the  screw  to  work.  So 
little  seems  to  have  been  known  of  his  plan,  that  when  Mr.  Smith  and 
captain  Ericsson  were  developing  the  actual  power  of  the  screw  in  their  respec- 
tive forms,  they  were  regarded  as  original  by  engineers  as  well  as  by  others. 
Up  to  that  time,  then,  his  screw  had  scarcely  been  an  object  of  attention. 
Regarding  the  three  patentees  as  the  individual  authors  of  their  separate 
plans, — as,  for  any  thing  that  appears  to  the  contrary,  it  may  be  readily 
admitted  that  they  formed  their  designs  apart  from  each  other,  and  from 
any  other  person  who  had  formed  similar  projects, — they  appear  to  be 
meritorious  according  to  the  value  of  their  productions.  But  something 
must  be  indicated  beyond  the  destgUy  to  which  merit  attaches ;  and  that 
is,  the  energy  of  character  which  could  hope  under  almost  universal  neglect 
and  distrust,  and  persevere  for  years  against  the  most  general  discourage- 
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meat,  until  the  proofs  of  their  designs  were  on  such  a  scale  and  in  such  a 
lights  that  they  must  be  seen^  and  their  intrindc  exceUence  be  acknowledged. 
Omitting,  therefore,  any  further  notice  of  Mr.  Woodcroft's  propeller, 
which  is  described  in  his  own  book^  the  following  observations  will  indicate 
the  progressive  development  of  the  same  principle,  in  the  more  simple  form 
and  application  of  the  screw  selected  by  Mr.  Smithy  and  that  which  was, 
about  the  same  time,  brought  out  by  captain  Ericsson. 

In  May^  1836,  Mr.  Francis  Petit  Smith  took  out  a  patent  for  the  Archi- 
medean screw-propeller,  and  in  the  foUowiag  July^  captain  Ericsson  took 
out  the  patent  for  his  propeller.  These  things  were  presented  to  the 
public  in  the  character  of  novelties ;  and  as  such  they  were  regarded  by  the 
few  who  had  curiosity  enough  to  look  at  them,  or  on  whose  attention  they 
were  urged.  Perhaps  the  year  1836  was  the  most  important  era  in  the 
history  of  the  screw-propeller^  for  that  was  the  period  in  which  the  capa- 
bilities of  the  two  forms  of  screw  were  determined^  which,  after  much 
patient  labour  on  the  part  of  their  projectors,  have  become  deservedly  popular 
in  Europe,  and  in  the  United  States,  respectively. 

Mr.  Smith's  patents  were  for  the  application  of  the  screw  to  propel  steam- 
vessels  by  fixing  it  "  in  a  resess  or  open  space  formed  in  that  part  of  the 
after  part  of  the  vessel  commonly  called  the  dead-rising  or  dead-wood  of 
the  run,''  in  the  middle  line  of  the  dead-wood ;  and  in  comparison  with 
other  efforts  which  had  been  made  to  adapt  the  screw  to  the  propulsion  of 
vessels,  the  striking  and  peculiar  merit  of  Mr«  Smith's  plan  appears  to  con- 
sist, chiefly,  in  his  having  chosen  the  right  position  for  it  to  work  in. 

At  the  same  time  that  Mr.  Smith  was  employed  in  his  experiments  on 
the  power  of  the  Archimedean  screw,  revolving  rapidly  in  water,  captain 
John  Ericsson,  formerly  an  o£Scer  in  the  Swedish  army,  but  then  a 
civil  engineer  in  London,  was  engaged  in  experiments  upon  a  propeller 
formed  on  the  same  general  principle,  though  less  simple  in  construction 
and  application  than  that  of  Mr.  Smith.  The  patent  which  he  took  out 
for  his  propeller  bore  date  the  13th  July,  1836,  six  weeks  later  than  the 
date  of  Mr.  Smith's  patent. 

The  powers  and  adaptation  of  Mr.  Smith's  invention  were  first  tried  in  a 
small  vessel  34  feet  long,  6  feet  5  inches  in  breadth,  6  tons  in  burthen,  and 
4  feet  draught  of  water.  The  diameter  of  the  screw  was  2  feet,  and  its 
pitch  2  feet  5  inches.  The  diameter  of  the  cylinder  was  6  inches,  and  the 
length  of  the  stroke  15  inches.  At  first  the  screw  consisted  of  two  turns  of 
a  single  blade  upon  a  long  axis.  The  experiment  was  made  in  the  City 
and  Paddington  canal ;  and,  whilst  it  was  in  progress,  a  part  of  the  blade 
broke  off  accidentally,  when  the  boat  immediately  shot  ahead  at  a  sensibly 
greater  speed. 

The  first  trial  with  this  vessel  in  the  river  was  made  on  Saturday,  the 
20 tb  of  September,  1837,  when  she  leflb  Blackwall  at  6  o'clock  in  the  even- 
ing, and  reached  Gravesend  at  half-past  8.    The  next  morning,  at  half-past 
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3,  she  left  Grareseud^  and  made  the  Nore  Light  at  20  minutes  before  6 ; 
Heme  Bay  at  25  minutes  past  7 ;  and  arrived  at  Margate  at  a  quarter 
before  10  o'clock;  completing  the  distance  in  8}  hours.  On  Monday 
mornings  at  6  o'clock^  the  vessel  left  Margate;  but  as  she  was  going  round 
the  North  Foreland^  a  feed-pipe  gave  way^  and  she  reached  Broadstairs 
under  sail.  On  Tuesday  morning  she  started  for  Bamsgate^  and^  leaving 
that  port,  she  passed  through  the  Dovnis  to  Dover,  and  afterwards  pro- 
ceeded to  Folkstone.  Here  several  days  were  employed  in  making  a  series 
of  experiments,  both  as  a  sailing-vessel  and  a  steamer,  giving  entire  satis- 
faction in  all  her  performances.  In  returning  to  Bamsgate  she  had  to 
oppose  a  strong  wind  and  a  heavy  sea ;  but  it  was  still  worse  in  returning 
from  Bamsgate  to  Margate ;  the  wind  blew  dead  upon  the  Foreland,  and 
the  sea  broke  continually  into  the  boat,  nearly  filling  her.  Yet,  in  a  state 
of  wind  and  sea,  which  it  was  thought  would  have  rendered  it  impossible 
for  a  steamer  fitted  with  paddles  to  weather  the  Foreland,  this  little  boat 
reached  Margate  in  safety,  within  the  short  space  of  2  hours  and  10  minutes. 
She  returned  afterwards  to  Blackwall,  having  traversed  more  than  400 
miles  at  an  average  rate  of  8  miles  an  hour. 

The  screw  must,  of  necessity,  exert  a  great  power  when  it  revolves  rapidly, 
even  though  the  principle  may  not  be  the  most  effectively  applied.  Captain 
Ericsson  tried  his  propeller  on  a  small  scale  in  the  Thames :  the  boat  was 
forty  feet  long,  eight  feet  in  breadth,  and  it  drew  three  feet  water,  and  had 
two  propellers,  each  of  five  feet  three  inches  in  diameter.  The  power  of  the 
propeller  was  well  developed  in  this  boat ;  its  effect  was  quite  satisfactory. 
This  encouraged  him  to  invite  the  lords  of  the  Admiralty,  and  the  surveyor 
of  the  Navy,  to  witness  the  performance  of  the  boat;  but  although  the 
power  exerted  by  the  screw  was  unquestionable,  yet  the  surveyor  came 
immediately  under  the  controlling  power  of  prejudice  against  it,  and  the 
board  of  Admiralty  took  no  further  interest  in  the  propeller,  after  having 
attended  the  experiment. 

Mr.  Francis  B.  Ogden,  formerly  the  American  consul  at  Liverpool,  had 
assisted  captain  Ericsson  to  bring  out  his  plan  of  propulsion  in  the  experi- 
mental boat,  which  was  called  the  Francis  B.  Off  den;  and  now,  under  the 
pressure  of  discouragement,  with  which  the  British  government,  and  the 
civil  engineers  of  the  country  generally,  so  far  as  his  plan  became  known, 
treated  him,  he  was  further  relieved  by  the  Mendly  sympathy  and  aid  of 
another  citizen  of  the  United  States. 

The  attention  of  captain  Bobert  F.  Stockton  of  the  United  States^  navy 
was  drawn  to  the  propeller  in  the  experimental  boat.  He  immediately  per- 
ceived its  superiority  to  paddle-wheels,  and  ordered  two  iron  boats  to  be 
buOt,  and  fitted  with  steam  machinery  and  the  screw  propeller,  upon 
captain  Ericsson^s  plan.  These  two  vessels  were  intended  to  be  sent  to 
America;  and  from  this  event  resulted  the  introduction  of  the  Ericsson  pro- 
peller into  the  United  States  of  America,  where  it  gained,  and  has  supported, 
a  high  reputation  among  the  commercial  interests  of  that  country.  Captain 
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Stockton  looked  forward  with  confidence  to  the  application  of  this  [wopeller 
to  war  steamers ;  and^  under  the  encouragement  of  that  prospect,  captain 
Ericsson  gave  up  his  engagements  in  London,  and  went  to  America,  where 
he  saw,  at  length,  his  propeller  applied  on  a  large  scale  in  the  American 
navy.  The  following  particulars  of  the  steam-fiigate  Princeton,  belonging 
to  the  United  States,  and  fitted  with  captain  Ericsson's  propeller,  weare 
obtained  in  America  by  a  British  naval  officer :  length  of  ship,  164  feet ; 
breadth  of  beam,  30  feet ;  depth  of  hold,  22  feet  6  inches ;  draught  of 
water,  17  feet  6  inches ;  burthen  about  700  tons.  The  propeller  is  14  feet 
in  diameter,  with  6  bladec(,  and  makes  firom  82  to  36  revolutions  per 
minute.  The  engines  are  about  400  horse-power;  the  speed  is  stated  to  be 
about  14  miles  per  hour. 

The  decided  success  which  had  marked  the  course  of  Mr.  Smith's  espen- 
ments  led  to  the  formation  of  a  company  called  the  ''Ship  Propell^Company,'' 
whose  first  object  was  to  determine  the  adaptation  of  the  screw,  as  a  jNTopel- 
ler,  on  a  larger  scale ;  but  as  soon  as  the  object  was  known,  the  scheme  wis 
loudly  decried  by  almost  all  professional  men  and  mannfactoring  engineers, 
insomuch  that  it  was  found  difficult  to  engage  an  engineer  to  oonstmct  the 
engine  and  machinery  in  so  unpopular  an  enterprise.  At  length  Messrs. 
Rennie,  who  had  witnessed  some  of  the  experiments  with  the  small  vessel, 
not  only  undertook  to  build  the  engine,  ftc.,  but  became  personally  inter* 
ested  to  a  considerable  extent  in  the  success  of  the  object. 

For  the  purpose  of  making  a  more  conclusive  experiment,  a  vessel  was 
built  in  1838,  of  the  following  dimensions:  extreme  length,  125  feet; 
length  between  the  perpendiculars,  106  feet  8  inches;  extreme  breadth, 
21  feet  10  inches ;  depth  in  hold,  13  feet ;  mean  draught  of  water,  9  feet 
6  inches ;  burthen,  237  tons ;  power  of  engines^  80  horses,  nominally ;  but 
which  experience  proved  did  not  exceed  66.    The  vessel  was  named  the 
Archimedes.    Her  propeller  was  at  first  a  single-threaded  screw,  fonning 
one  complete  turn  upon  its  axis,  being  6  feet  9  inches  in  diameter,  and 
8  feet  pitch ;  but  this  was  subsequently  removed,  and  its  place  supplied  by 
a  double-threaded  screw,  each  thread  fonning  half  a  turn  upon  the  axis; 
and  the  entire  propeller  was  so  fixed  that  it  could  be  disconnected  and 
taken  into  the  vessel,  to  remove  the  obstruction  it  would  have  presented  to 
the  sailing  of  the  vessel,  when  the  wind  was  favourable  to  the  use  of  canvas. 
Several  trials  of  the  power  of  the  screw-propeller  were  made  in  the  river 
Thames,  and  in  the  British  Channel,  in  the  month  of  April,  1840,  when 
the  speed  of  the  Archimedes  was  tried  against  that  of  the  Ariel,  Beaver,  and 
Swallow,  mail  steam-packets.    The  results  varied  as  to  the  comparative 
velocities  of  the  vessels,  and  on  the  28th  of  April  captain  Chappell,  B.N., 
who  had  been  appointed  by  the  government "  to  examine  into,  and  to  report 
upon,  the  merits  of  Mr.  Smith's  patent  screw-propeller,  in  use  on  board 
the  Archimedes,  as  compared  with  the  ordinary  paddle-wheels  applied  to 
her  Majesty's  mail  packets  on  the  Dover  station,''  undertook  the  superin- 
tendence of  the  experiments. 
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The  public'pTess  of  that  time  states^  that  in  her  passage  down  the  Thames 
on  the  3rd  of  May,  she  performed  the  passage  from  London  to  Gravesend 
in  one  honr  and  forty  minntes,  and  from  Gravesend  to  the  Nore  in  one 
honr  and  a-half ;  that  she  passed  through  the  water  at  the  rate  of  ten 
miles  an  hour,  and  that  her  speed  with  the  tide,  but  against  the  wind,  was 
thirteen  miles  an  hour. 

Captain  Chappell  says^  in  his  first  report,  ^'  On  my  arrival  at  Dover  I 
made  arrangements  with  commander  Boteler,  by  which  the  Widgeon^  mail 
steam-packet,  was  placed  at  my  disposal.  The  following  statement  shows 
the  comparative  size,  power,  and  immersion  of  the  two  vessels : 


Names. 

Diameter  of 
CjUaden. 

Length  of  Stroke. 

Mean  Dranght  of 
Water. 

Widgeon   . 
Archimeda 

162 
237 

39  inches. 

37       n 

3  feet  1  inch. 
3  feet 

7  feet  3  inches. 
9  feet  4  inches. 

''  The  Widgeon  is  the  fastest  packet  on  the  Dover  station :  she  has  10 
horses  power  more,  and  75  tons  burthen  less  than  ih'dJrchimedeSjVsA  the  mean 
draught  of  water  of  the  former  is  2  feet  1  inch  less  than  that  of  the  latter.'' 

Several  experiments  were  then  made  by  the  two  steam-vesseU  in  crossing 
the  Channel  from  Dover  to  Calais,  and  back ;  and  with  reference  to  them 
captain  Chappell  remarks, — ''these  trials  clearly  prove  that  the  speed  of 
the  Archimedes  is  slightly  inferior  to  that  of  the  Widgeon  in  light  airs  and 
calms,  and  in  smooth  water ;  but  as  the  steam  power  of  the  former  is 
ten  horses  less,  and  her  burthen  seventy-five  tons  more  than  the  Widgeon^ 
it  is  evident  that  in  these  vessels  the  propelling  power  of  the  screw  is  equal, 
if  not  superior,  to  that  of  the  ordinary  paddle-wheel.  In  this  respect,  there- 
fore, Mr.  Smith's  invention  may  be  considered  completely  successful." 

The  following  tabular  statement  will  show  the  comparative  advantages  of 
power,  burthen,  and  resistance,  by  which  each  of  the  packets  was  superior 
to  the  Archimedes : 


Namea. 

• 

1 
i 

X 

Area  of  Midship 
Section. 

Relation  of  Power  to 

AreaofMidibip 
Section  in  feet. 

Tonnage. 

Archimedes 

AnH    •                .    . 

Beaver 

Swallow               .    . 

Widgeon  . 

80 
60 
62 
70 
90 

143 
95 

84 
84 
95 

237 
152 
128 
133 
162 

as  1  :  1.789 
1  :  1-583 
1  :  1-355 
1  :l-2 
1  :  105 

as  1  : 2-962 
1  : 2-53 
1  : 2-097 
1-:  1-9 

1  :  1-8 
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Thus  it  appears  that^  in  both  respects  of  comparison^  the  advantage  was  on 
the  side  of  all  the  steam-packets  propelled  by  paddle-wheels^  and^  in  the 
highest  degree,  of  the  Widgeon. 

The  Archimedes  was  afterwards  placed  at  the  disposal  of  captain  Chappell, 
with  the  view  to  test  the  adaptation  of  the  screw-propeller  to  the  varioua 
circumstances  which  may  arise  in  navigating  the  open  sea,  by  making  & 
voyage  round  the  coast  of  England  and  Scotland.  This  voyage  was  made 
the  occasion  of  presenting  opportunities  for  the  fullest  investigation  by 
scientific  and  practical  engineers,  and  by  naval  ofScers  and  other  nautical 
men,  at  all  the  ports  round  the  coast.  And  many  testimonials  were  didted 
in  favour  of  the  invention,  and  of  its  adaptation  to  general  use,  decidedly 
in  preference  to  paddle-wheels. 

In  the  various  trials  of  speed  which  were  made  round  the  coast,  the 
powers  of  the  vessel  and  her  machinery  were  tried  alone,  unaccompanied 
by  any  competitor;  and  the  average  rate  of  the  whole  distance  of  2006 
nautical  miles  which  the  vessel  ran,  was  accomplished  at  the  average  rate 
of  7'336  miles  per  hour,  whilst,  under  very  favourable  circumstances,  she 
ran  a  distance  of  thirty  miles  at  the  rate  of  109  miles  per  hour. 

When  the  Archimedes  had  completed  her  passage  round  Great  Britain, 
she  proceeded  immediately  from  Plymouth  to  Oporto,  and  performed  the 
passage  in  sixty-nine  hours,  without  any  occasion  having  presented  itself, 
during  that  time,  to  stop  the  engines.  This  was  the  shortest  passage  that 
any  steam-vessel  had  ever  made  between  those  ports. 

The  proofs  of  the  screw's  superiority  were  established,  as  the  trials  to 
which  it  was  put  developed  its  capabilities :  but,  generally,  the  invention 
was  discouraged.  Besides  those  who  saw  what  it  could  achieve,  periiapa 
there  were  very  few  that  were  willing  to  relinquish  a  partiality  for  what 
they  knew  to  be  effective.  And  engineers  generally  were  reluctant  to 
allow  the  claims  of  an  invention  which  would  interfere  largely  with  the 
profits  of  their  capital  invested  in  machinery  and  patterns  constructed  on 
the  old  principle.  A  striking  instance  of  prevailing  diainclination  to  the 
screw-propeller,  was  shown  on  the  issue  of  a  new  edition  of  the  Encyclo- 
psedia  Britannica,  in  which  the  article  on  steam  navigation  contained  no 
notice  whatever  of  the  subject. 

The  government  had  appointed  Mr.  Lloyd,  the  chief  engineer,  with 
captain  Chappell,  officers  whose  suitableness  to  investigate  the  merits  of 
the  invention  and  its  general  applicability,  were,  perhaps,  not  to  be  exceeded 
by  any  in  the  naval  service;  and  their  testimony  in  favour  of  the  screw 
was  supported  by  that  of  many  other  naval  officers,  of  eminent  engineers, 
and  of  other  gentlemen  fully  competent  to  appreciate  its  claims.  The 
surveyor  of  the  navy  had,  however,  conceived,  and  he  always  maintained, 
a  very  strong  objection  to  the  screw-propeller, — an  objection  which 
was  always  much  more  associated  with  imaginary  difficulties,  than 
with  facts ;   but  its  influence  at  the  Admiralty  was  unquestionable.     In 
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this  state  of  things  the  govemment  were  particularly  cautious  in  acting 
upon  a  judgment  which  had  been  formed  upon  facts  developed  in  the 
performances  of  the  Archimedes. 

Within  a  limited  sphere  a  decided  confidence  had  been  produced  in  the 
screw-propeller  bj  the  performances  of  the  Archimedes,  And  in  the  early 
part  of  1841^  a  small  steam-packet^  called  the  Princess  Royal,  was  built  in 
the  north  of  England^  for  a  company  at  Brighton.  Her  dimensions  were 
as  follow:  length  of  keel,  81  feet;  breadth  of  beam,  17^  feet;  depth  in 
the  hold,  10  feet;  draught  of  water,  6^  feet;  register  tonnage,  101  tons. 
She  was  fitted  with  two  engines  of  23  horse-power  each,  and  with  a  screw- 
propeller  of  5  feet  in  diameter  and  6  feet  pitch.  Her  speed  was  about  eight 
knots  au  hour;  she  made  the  passage  from  Newcastle  in  481  hours,  and 
arriyed  at  Brighton  on  the  8th  of  June.  She  was  fitted  up  for  pleasure 
excursions,  from  Brighton  to  places  within  a  convenient  distance,  upon  the 
south  coast ;  and  her  first  employment  was  to  carry  a  party  to  Arundel,  on 
the  9th  of  June.  In  the  autumnal  gales  of  the  same  year,  that  little  vessel 
exhibited  proofs  of  superior  power  as  a  tug.  The  "  Morning  Chronicle  " 
of  the  27th  October,  1841,  says,  that  during  one  of  those  gales  she  towed 
two  large  brigs  at  one  time  out  of  Shoreham  harbour,  '^  against  the  wind, 
and  a  tide  setting  in  at  the  rate  of  four  miles  an  hour.  She  lately  took 
out  a  brig  when  it  was  deemed  unsafe,  by  almost  every  one  present,  to 
make  the  attempt^  owing  to  the  heavy  sea  that  was  then  rolling  into  the 
harbour;  the  Princess^  however,  accomplished  her  task  nobly.  To  give 
some  notion  of  the  violence  of  the  gale,  the  brig,  in  setting  reefed  topsails, 
carried  away  both  topmasts,  immediately  after  the  steamer  had  cast  off,  and 
was  obliged  to  run  for  Newhaven.^^  These  and  other  performances  of  the 
screw  were  calculated  to  produce  public  confidence  in  that  form  of  pro- 
peller, and,  even  in  its  infancy,  to  render  it  popular.  The  committee  of 
management  of  the  company  in  question^  in  a  letter  to  the  directors  of  the 
Ship-propeUer  company^  who  had  purchased  the  patent  of  Mr.  Smith,  said, 
*'  We  feel  ourselves  bound  to  express  our  entire  satisfaction  with  the  success 
which  has  attended  the  application  of  your  patent  to  our  vessel,  the  Princess 
Royal,  steam-boat,  which,  in  everything  connected  with  the  machinery  and 
its  arrangements,  her  speed,  and  the  facility  with  which  she  is  managed, 
has  far  exceeded  our  expectations.'' 

The  Bedlingtan,  of  about  270  tons,  and  60  horse-power,  was  built  at 
South  Shields,  in  1842,  and  fitted  with  a  screw-propeller ;  and  the  Novelty , 
of  London,  of  300  tons,  and  25  horse  power :  this  appears  to  have  been  the 
first  vessel  to  which  the  screw  was  applied  as  an  auxiliary  propeller.  The 
Bee,  of  30  tons,  and  10  horse-power,  was  built  at  Chatham  for  the  in- 
struction in  the  management  of  steamers,  of  officers  at  the  Naval  CoUege 
at  Portsmouth,  and  was  fitted  with  a  screw  as  well  as  paddle-wheels;  and 
the  Rattler  was  ordered  to  be  adapted  to  the  reception  of  the  screw.  The 
determination  had  also  been  taken  to  employ  it  instead  of  paddle-wheels  in 
propelling  the  Great  Britain. 
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Next  came  the  Great  Northern,  laid  down  in  1840^  and  bnilt  by  captain 
Coppin,  at  Derrj^  in  Ireland :  she  was  launched  in  July^  1842.  Her  prin- 
cipal dimensions  were^ — ^length  over  all^  247  feet;  between  the  perpendicu- 
lars^ 221  feet ;  breadth,  37  feet ;  depth  in  hold,  26  feet ;  drangbt  of  water, 
18  feet;  tonnage,  builders^  measurement,  1750  tons;  engines,  by  Messn. 
Miller  and  Ravenhill,  825  horse -power.  Her  screw  was  12  feet  in  diameter, 
and  14  feet  pitch ;  being,  howerer,  only  7  feet  in  length.  Apart  firom  the 
novel  mode  of  propulsion  having  given  this  ship  a  distinction,  she  possessed 
the  local  interest,  as  it  was  stated  at  the  time,  of  being  the  largest  ship  ever 
built  in  Ireland. 

At  length  the  Rattler,  of  888  tons,  and  200  horse-power  engines,  bmlt  upon 
the  lines  of  the  Alecto,  Polyphemus,  and  Prometheus,  was  adapted  by  an  ad- 
ditional length  aft,  for  the  reception  of  the  screw-propeller;  and  its  capa- 
bilities were  put  to  the  test.  The  course  of  experiments  made  in  the 
Rattler  led  to  important  results,  as  screws  in  considerable  variety  were 
tried,  and  the  grounds  of  preference  were  developed  in  the  perfcnrmanoes  of 
the  vessel.  The  trials  were  begun  with  the  screw  in  the  state  in  which  it 
had  been  used  in  the  Archimedes,  consisting  of  two  half  turns  of  the  blade 
upon  its  axis.  On  the  30th  October,  1843,  such  a  screw  of  9  feet  diameter, 
11  feet  pitch,  and  5  feet  6  inches  in  length,  was  tried  in  the  Rattler;  bat 
the  experiment  seems  not  to  have  been  made  with  enough  care  to  supply 
results  which  might  be  used  in  comparison.  In  November,  some  further 
experiments  were  made  with  a  screw  of  the  same  diameter  and  pitch, 
reduced  in  length — ^first  to  4  feet  8  inches,  and  then  to  8  feet ;  but  as  these 
also  were  merely  preliminary  trials,  perhaps  no  stress  ought  to  be  laid  on 
them;  we  will,  therefore,  only  remark,  that  with  the  diminished  length  of 
screw,  she  gained  in  speed  a  little  more  than  half  a  knot  an  hour,  with 
about  the  same  slip.  Circumstances,  varying  but  very  little,  might  cause 
so  much  difference,  apart  from  the  alteration  of  the  screw. 

In  February,  1844,  the  screw,  three  feet  long,  was  tried  again;  the 
speed  of  the  engine  was  increased  by  1*4  stroke  per  minute  (the  revolutions 
of  the  screw  being  106  in  a  nunute),  that  of  the  screw  through  the  water 
0*868,  and  that  of  the  vessel  0*375  knot  per  hour.  Hence  the  dip  became 
greater  as  the  speed  of  the  engine  increased.  In  March,  the  trial  of  the 
same  form  of  screw  was  repeated ;  the  revolutions  of  the  screw  diminished 
by  8  in  a  minute ;  the  speed  of  the  vessel  was  about  the  same,  the  shp 
having  diminished  from  24*44  to  12*9  per  cent.  Beduced  in  length  to  two 
feet,  the  revolutions  of  the  screw  increased  to  100*6  per  minute,  and  the 
slip  became  13*4  per  cent.  With  a  further  diminution  in  its  length,  of  six 
inches,  its  revolutions  became  102*1  in  a  minute,  and  its  slip  12*24  per 
cent.  When  the  length  of  the  screw  was  only  1  foot  8  inches,  it  revolved 
103*6  times  in  a  minute,  and  its  slip  was  only  10*42  per  cent.,  in  a  calm. 

Mr.  Smithes  screw  with  three  blades  was  tried  at  different  lengths,  its 
diameter  being  9,  and  pitch  11  feet.  The  length  being  at  first  2  feet  3 
inches,  its  revolutions  per  minute  were  94*3,  and  slip  83  per  cent.  Beduced 
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in  lengtL  to  1  foot  8^  inches^  and  making  92  revolutions  per  minute^  its 
slip  was  diminished  to  18*8  per  cent.^  in  a  fresh  wind  abeam.  This  was 
the  smallest  length  to  which  the  screw  was  reduced ;  in  this  state,  with 
108*4  revolutions  per  minute,  the  slip  was  16  per  cent. ;  and  with  100-8 
revolutions,  the  slip  was  12  per  cent.,  in  a  fresh  wind. 

Mr.  Woodcroft^s  propeller  was  the  subject  of  several  experiments.  First, 
his  four-threaded  screw,  9  feet  in  diameter,  1  foot  7  inches  in  length,  and 
the  pitch  increasing  from  11  feet  forwards  to  11*55  feet  afb;  making  104*3 
revolutions  in  a  minute,  its  slip  was  27*77  per  cent.,  with  the  wind  abeam ; 
and  when  the  screw  made  95*9  revolutions,  the  slip  was  reduced  to  23*56 
per  cent.,  with  a  light  wind  abeam.  His  two-threaded  screw  was  of  the 
same  diameter,  length,  and  pitch ;  and  with  107*5  revolutions  in  a  minute, 
its  slip  was  27*76  per  cent.,  with  a  very  light  wind. 

Steinman^s,  or  Blaxland^s  propeller,  patented  by  Blaxland  in  November 
1840,  was  tried.  The  diameter  was  10  feet,  and  pitch  11  feet  6  inches; 
when  its  revolutions^were  104*2  in  a  minute,  the  slip  was  19*2  per  cent. ; 
and  when  they  were  10094  in  a  minute,  after  some  alteration  had  been 
made  in  the  screw,  the  slip  was  15*73  per  cent. 

The  last  screw-propeller  to  be  noticed  in  these  experiments  is  Suther- 
land's two-threaded  screw,  8  feet  2  inches  in  diameter,  26  feet  pitch,  and 
8  feet  in  length.  When  its  revolutions  were  69*9  in  a  minute,  the  sUp  was 
53*5  per  cent. ;  and  when  they  were  57  in  a  minute  it  was  55  per  cent. 

Nothing  needs  to  be  added  to  the  facts  developed  in  the  experiments,  to 
prove  that  Mr.  Smith's  propeller,  formed  of  two  small  sections  of  the  blade 
of  the  screw,  was  better  than  any  other  form  that  was  tried ;  for  it  produced 
the  greatest  speed  in  the  ship,  and  was  subject  to  the  least  amount  of  sUp. 
It  was  important  that  the  screw  should  consist  of  only  two  sections,  and 
that  these  should  be  small.  One  consideration  in  regard  to  its  general  use 
was,  a  convenience  in  raising  it  from  its  working  position  in  the  run, 
when  sail  only  was  required.  In  the  condition  of  the  screw,  which  was 
shown  to  be  preferable  as  to  both  speed  and  slip,  it  was  found  quite  conve- 
nient to  make  it  travel  in  a  vertical  trunk,  formed  immediately  over  the 
aperture  in  the  dead-wood  for  the  working  of  the  screw.  This  arrangement 
was  then  adopted,  and  it  is  now  deemed  so  important  in  the  navy  as  never 
to  be  dispensed  with. 

The  relative  efficacy  of  different  forms  of  screw  having  been  determined^ 
and  Mr.  Smith's  propeller,  consisting  of  two  small  sections  of  a  helix,  having 
been  selected  as  the  best  form,  the  next  trial  to  which  it  was  necessary  to  put 
it,  was  that  in  which  its  propelling  power  would  be  compared  with  paddle- 
wheels.  It  might  be  enough  to  state  a  few  of  the  trials  made  with  the 
Rattler  and  the  Akcto,  for  they  presented  results  which  ought  to  be  satis- 
factory. In  some  of  the  preliminary  trials,  the  relative  power  of  the  screw 
and  of  the  paddle-wheels  was  doubtful.  There  was  great  emulation  on 
board  of  both  vessels;  for  each  captain  was  a  decided  advocate  of  the 
description  of  propeller  whose  power  he  was  charged  to  develop;   but 
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the  competition  soon  took   a  decided  character,  and  the  following  ex- 
tracts f5pom  a  letter,  written  by  Mr.  F.  P.  Smith,  on  the  Slst  of  March, 
1845,  states  some  of  the  facts,  in  different  conditions  of  the  weather : 
** Rattler  has    redeemed    her    lost  laurels,   both  to-day  and  yesterday; 
during  a  perfect  calm  we  ran  from  the  Little  Nore  to  Yarmoath-ioads 
(80  miles),  beating  Alecto  23^  minutes,  although,  in  consequence  of  so 
short  a  supply  of  steam,  we  were  compelled  to  work  the  second  grade  of 
expansion  throughout  the  day,  and  the  engines  making  only  23|  to  24 
strokes  per  minute.     On  Alecto's  arriving  in  Yarmouth-roads,  we  started 
again,  and  both  ships  set  all  sail  to  a  moderate  breeze,  and  continued 
running  till  off  Cromer  light ;  Rattler  beating  in  24  miles,  by  13  minutes. 
From  the  bad  appearances  of  the  weather,  it  was  deemed  proper  to  anchor 
for  the  night,  during  which  it  blew  a  complete  gale  from  the  N.N.W.,  and 
continued  throughout  the  day,  affording  the  very  opportunity  we  were 
seeking  for  trying  Rattler's  powers  at  a  head  sea.     On  starting,  of  course 
all  was  anxiety ;  but  a  few  minutes  were  sufficient  to  show  that  we  were  to 
win  the  race :  the  distance  run,  being  about  60  miles,  was  won  by  Rattler, 
passing  the  Spurn  light  40  minutes  before  her  competitor.     We  have  taken 
dynamometer  and  indicator  diagrams  throughout  the  day ;  the  very  lowest 
pressure  exhibited  when  the  screw  was  out  of  water  (as  folks  say)  is  34  lbs., 
ranging  up  to  64  lbs.  on  Salter's  balance.     I  may  say  that  on  one  occasion 
we  lost  steam,  which  brought  Alecto  alongside.     This  was  at  10  o'clock  ; 
and  it  was  from  this  time  till  we  anchored  that  the  40  minutes  were  gained, 
although  prior  to  that,  when  the  sea  was  the  roughest,  we  gained  more  than 
half  a  mile  on  Alecto  in  the  first  hour,  she  having  got  the  start  of  us  in  that 
distance.     The  59  miles  were  done  in  7i  hours,  tide  principally  against  us. 
As  you  may  suppose,  the  Alectos  are  all  taken  aback:  captains  Austin  and 
Hoseason  are  now  on  board  us,  and  both  say  they  had  not  the  slightest 
idea  that  we  should  ever  have  held  way  with  them.*' 

So  far  the  trials  related  to  speed :  but  it  was  deemed  advisable  to  put  the 
screw-propeller  to  severer  trials  against  the  paddle-wheels,  and  the  following 
extract  from  a  report  made  officially  to  the  Admiralty,  and  afterwards  laid, 
with  other  papers,  on  the  table  of  the  House  of  Commons,  will  show  their 
character  and  the  results. 

"  Thursday,  3rd  April,  1845. 

O'  took  Alecto  in  tow  with  her  floats  off. 

8  set  patent  log. 

8  patent  log  showed  rate  of  towing     .     .     7^ 

0  Alecto  took  Rattler  in  tow. 

0  set  patent  log. 

0  patent  log  showed  rate  of  towing     .     .    5f^ 

In  favour  of  Rattler 1^ 

5    30     0  lashed  stern  to  stem,  allowing  Alecto  to  get  her 
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speed,  when  Rattler  turned  ahead,  aiid  succeeded  in  towing  Alecto,  in  spite 
of  her  efforts  to  the  contrary,  by  both  ships'  logs,  2^  knots  good,  and  by 
patent  log  2|V  &nots. 

"  Eaperiments, 

"  Stopped  with  a  fresh  wind  astern,  going  9*5  knots,  and  obtained  stem- 
way  in  2'  8^ 

^'  Stopped  in  a  calm  with  dtem  way,  7*5  knots,  in  1'  33'. 

"  Pull  speed,  helm  hard  down,  Ist  circle  5'  89* ;  2nd  circle  5'  81*.  Came 
round  16  points  after  engines  were  stopped. 

''  Helm  hard  dowUj  from  no  way ;  setting  the  engines  going  she  described 
the  circle  5'  IT  J' 

From  the  alternate  efforts  of  the  two  steam-vessels  in  towing  each  other, — 
namely.  Rattler  towing  Alecto  7^\,  and  Alecto  towing  Rattler  5}|,  the  fol- 
lowing result  is  drawn :— As  7^  :  5^^  ::  100  :  83.  And  100  -  83  =  17 
per  cent.,  the  superiority  of  the  Rattler  with  the  screw,  to  the  Alecto  with 
paddle-wheels. 

The  question  was  now  decided ;  and  apart  from  a  judgment  which  had  been 
formed  before  the  two  methods  of  propulsion  were  thus  fairly  tried  together, 
and  also  from  a  consideration  of  the  tenacity  with  which  opinions  are  held  by 
persons  of  some  characters  after  having  been  once  received,  it  is  difficult  to 
conceive  on  what  ground  the  paddle-wheels  could  be  preferred  by  persons  who 
had  no  interest  to  bias  their  judgment.'  The  facts  ascertained  during  these 
experiments  were  not,  however,  wholly  unavailing  at  the  Admiralty.  It  had 
become  evident  that  the  desideratum  which  would  unite  the  advantages  of 
steam-power  with  the  effectiveness  of  broadside  armament  was  the  screw- 
propeller  ;  for  the  low  position  at  which  the  machinery  and  boilers  may  be 
advantageously  placed,  diminishes  the  hazards  of  injury;  and  the  very  small 
space  occupied  by  the  screw  is  a  further  consideration  in  favour  of  its  use. 

Before  experience  arrived  at  that  point,  very  definite  opinions  had  been 
formed  of  the  advantages  that  must  be  realised  in  using  the  screw-propeller, 
rather  than  paddle-wheels,  in  war  steamers.  Captain  Chappellhad  said,  ''In 
vessels  of  war  the  screw-propeller  admits  of  the  whole  machinery  being  kept 
below  the  water-line ;  of  the  ship  being  ordinarily  used  with  sails  only,  but 
of  being  converted  into  a  steamer  in  a  few  minutes ;  or,  as  the  action  of  the 
screw  is  equal,  whatever  may  be  the  heel  or  inclination  of  the  ship,  the  screw 
will  aUow  of  using  both  sails  and  steam  when  required.  The  propelling  appa- 
ratus is  placed  wholly  out  of  reach  of  injury  from  shot,  the  falUng  of  masts  or 
collision  with  other  vessels ;  the  whole  broadside  battery  is  left  unobstructed; 
and  should  every  mast  be  shot  away,  the  propeller  might  still  enable  a  ship 
to  maintain  an  efficient  fighting  position,  to  follow  an  enemy  if  required,  or 
to  convey  the  vessel  safely  into  port,  however  crippled  in  condition."  * 

*  Reports  relative  to  Smith's  Patent  Screw  Propeller,  as  used  on  board  the  Archimecks, 
steam-vessel,  &c.   By  Captain  Edward  Chappell,  R.N. ;  London,  James  Ridgwaj,  1840." 
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ThiB  concise  statement  includes  almost  all  that  needs  to  be  said  on  the 
superiority  of  the  screw  to  paddle-wheels  for  the  purposes  of  war;  but  the 
British  goyemment  was  too  cautious  to  proceed  at  once  on  the  intelligent 
view  of  one  clearly  defined  and  amply  developed  fact.  Not  so  that  of 
France :  "  The  French  government  are  fitting  three  vesseb  to  be  impelled 
by  the  same  agency/^  (the  screw-propeller)  wrote  Mr.  Elijah  Galloway  in 
1842.  Lieutenant  Labrousse  of  the  French  navy  presented  to  his  gov^n- 
ment  a  plan  for  bringing  the  screw-propeller  into  use^  and  afterwards  gave 
publicity  to  it  through  the  press^  in  1843.  In  the  mean  time,  extracts  from 
bis  plan  were  inserted  in  a  work  of  considerable  merit.'*'  The  following 
quotation  will  best  show  how  later  experience  was  so  long  ago  anticipated : 

''  Ships  of  War. — The  use  of  the  screw^  as  a  means  of  propulsion,  is  far 
from  diminishing  a  ship^s  sailing  qualities ;  it  is,  on  the  contrary,  capable 
of  adding  to  the  certainties  of  navigation,  and  the  advantages  of  its  applica- 
tion to  ships  of  the  line  become  so  incontestable  and  so  striking,  even  to 
persons  not  acquainted  with  steam  navigation,  that  it  seems  useless  to 
enumerate  them.  Let  us  imagine  two  ships  together,  one  using  the  screw 
and  the  "other  sail,  what  inequality  will  there  not  be  between  these  two 
ships,  one  of  which  will  be  able  to  move  about  the  other  in  all  directions, 
with  at  least  double  the  common  velocity  of  a  ship  (at  the  time  and  with  the 
sails  used  in  action),  without  anything  being  able  to  alter  her  moving 
power,  whilst  the  other  can  move  only  in  certain  directions  by  the  help  of 
sails  which  are  wholly  exposed  to  the  enemy's  shot?  Suppose  the  superi- 
ority should  remain  with  the  last  (which  yet  seems  impossible),  what  advan- 
tage could  she  make  of  it,  since  the  screw-ship  could  always  withdraw  at  a 
certain  time  from  the  shot  of  her  conqueror,  unable  to  follow  ? 

'^  Thus,  then,  however  great  the  inconveniences  resulting  from  the 
application  of  the  screw  to  ships  of  the  line  may  be,  its  advantages  for 
%hting  are  so  incontestable  that  one  could  not  hesitate  at  adopting  it ;  for 
the  advantage  will  necessarily  remain  with  the  power  which  first  opposes 
such  ships  to  ordinary  ships. 

"  The  principal  question  is,  to  place  the  instrument  out  of  the  reach  of 
shot,  and  it  is  on  this  account  that  the  wheel  system  cannot  be  compared^ 
in  this  case,  with  the  screw  system. 

''It  follows,  from  inquiries  that  I  have! made  in  this  respect,  that  in 
adopting  for  ships  an  engine  of  the  power  of  1000  horses,  even  of  low 
pressure,  the  whole  system  may  be  placed /entirely  below  the  water. 
Besides,  the  screw,  scarcely  susceptible  of  injury,  is  completely  immersed 
-and  protected  by  the  stem  of  the  ship,  which  conceals  it.'' 

At  the  same  time,  the  use  of  auxiliary  steam  power  and  of  the  screw- 
propeller  was  considered  necessary   to   ships  of  the   line.      For,   after 

*  De  rsEtat  Actuel  de  la  Navigation  par  la  Yapeur^  &c.    Par  A.  Campaignac ;  Paris, 
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quoting  from  a  note  addressed  in  1840  to  the  Inspector-general  of  the 
CrAue  Maritime,  on  the  employment  of  anxiliary  steam  power  and  paddle- 
wheels  to  the  Suffiren,  a  90-gun  ship^  M.  Campaignac  says^  ^'  If  circum- 
stances had  permitted  of  carrying  this  proposal  into  effect^  by  applying 
common  steam  machinery  to  a  ship  of  the  line^  as  a  secondary  or  occasional 
means  of  navigation^  the  question  of  blending  the  sailing  navy  and  the 
steam  navy  for  naval  war  woxdd  now  be  far  advanced,  and  ready  to  improve 
by  the  progress  made  in  locomotion  by  steam^  both  in  the  system  of  con- 
struction of  marine  engines^  and  in  the  substitution  of  the  Archimedean 
screw  for  paddle-wheels^  as  a  means  of  propulsion.  It  is  said  we  mean  to 
try  captain  Smith's  screw  in  a  third  class  firigate  of  war.  It  seems  to  us 
that  this  propeller  would  be  situated  more  favourably  at  the  sides  of  the 
ship,  and  tow&rds  the  actual  position  of  the  paddle-wheels^  than  in  the 
solid  abaft  near  the  stem-post/'* 

The  advantages  of  the  screw  having  been  thus  clearly  estimated,  the 
French  Government  began  at  once  to  introduce  its  use :  but  the  present 
state  of  their  steam  navy  shows  that  they  have  not  pursued  the  improve- 
ment with  the  uniform  energy  of  which  it  is  worthy. 

_  ft 

The  suggestion  which  was  offered,  for  the  employment  of  steam-^gines 
and  a  screw-propeller  in  the  Suffiren,  was  not  entertained  by  the  French 
government.  But  the  object  at  which  that  suggestion  aimed  has  since 
been  appreciated;  and  the  French  are  now  carrying  into  effect  a  more 
majestic  if  not  a  more  useful  plan  for  a  steam  navy,  than  we  are.  The 
Austerlitz  of  100  guns,  laid  down  at  Cherbourg  in  1832,  has  been  selected, 
to  be  fitted  with  steam-engines  of  650  horse-power  and  a  screw-propeller. 
Her  dimensions  are, — ^length  on  the  water-line,  204  feet  3)  inches ;  breadth 
moulded,  53  feet  2  inches ;  depth,  firom  the  upper  part  of  the  keel  to  the 
load-water  line,  23  feet  1^  inch ;  and  displacement,  4374*73  tons.  This 
ship  was  designed  by  a  committee  composed  of  Messrs.  San^  Bolland, 
Laird,  Tupinier,  and  de  Lamoriniere»  A  second  line-of-battle  ship,  upon 
which  they  purpose  to  make  trial  of  the  screw-propeller,  is  the  NapoUon, 
which  has  been  recently  launched,  and  is  so  called  in  honour  of  the  Presi« 
dent  of  the  French  Bepublic.  Some  time  after  the  revolution,  this  ship 
was  called  Le  24  Fewrier,  in  commemoration  of  that  event.  She  was  laid 
down  at  Toulon  in  1847,  and  is  to  be  fitted  with  engines  of  900-horse 
power.  Her  principal  dimensions  are, — ^length  on  the  water-line,  233  feet 
11  inches;  breadth,  moulded,  53  feet  2^  inches;  depth  in  hold,  fix)m  the 
water-line  to  the  upper  part  of  the  keel,  23  feet  5|  inches ;  and  displace- 
ment, 4978*46  tons.  The  24  Fevrier  was  designed  by  M.  Dupuy  de  Ldme^ 
The  armament  intended  for  this  ship  is  as  follows :  for  the  gun-deck  four 
shell  guns,  of  8*66  inches  calibre,  and  32  long  SO-pounders ;  for  the  upper 
deck  four  shell  guns  of  the  same  calibre,  and  32  short  30-pomiders;  and 

*  De  TEtat  Actuel  de  la  Navigation  par  la  Yapeur,  &a    Par  A.  Campaignac. 
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for  the  quarter  deck  and  forecastle,  four  shell  guns,  of  6*3  indies  calibre, 
and  fourteen  30-pounder  carronades.  It  has  been  in  contemplation  to 
apply  steam-engines  of  450-hor8e  power,  and  the  screw-propeller  to  another 
ship  of  the  line,  the  Nestor,  a  fourth-rate,  of  74  guns.  Without  Tentoiiug 
an  opinion  of  the  probable  result  of  these  projects,  it  may  be  observed 
that  they  indicate,  in  the  event  of  its  being  satisfactory,  the  course  which 
the  French  government  is  likely  to  pursue^  in  the  progress  of  devdoping 
a  steam  navy. 

When  the  screw-propeller  was  first  tried  in  the  navy,  it  was  not  knoim 
what  would  be  its  best  form ;  it  was  not  supposed  by  any  body  that  the 
small  section  at  present  used  would  be  enough :  it  might,  for  any  thing  that 
was  then  decided,  be  a  screw  of  one  complete  turn  upon  its  axis.  Upon  the 
supposition  that  this  might  be  necessary,  the  Rattler  was  lengthened  by  the 
stem  sufficiently  for  a  long  aperture.  Nor  had  experiment  shown  that  the 
form  of  the  tuck  was  an  important  element,  as  to  the  effect  of  the  screw; 
but  in  lengthening  the  Rattler,  the  run  at  the  fore  part  of  the  aperture 
was  constructed  of  such  a  degree  of  fineness,  as  to  be  the  most  favourable 
to  the  efficacy  of  the  screw.  The  correctness  of  form  in  this  case  was  acci- 
dental ;  and  as  no  one  in  the  service  who  was  called  upon  by  the  Admiralty 
to  form  plans  for  other  steam-vessels  to  receive  the  screw,  considered  that 
a  fine  run  was  material ;  and  as  there  were  reasons  why  the  after  part  of 
the  vessel  should  have  as  much  support  in  the  water  as  could  be  given  to 
it,  every  vessel  constructed  to  be  propelled  by  the  screw,  before  the  smnmer 
of  1846,  was  designed  with  a  full  tuck. 

In  March,  1846,  Mr.  Lloyd,  then  chief  engineer  at  Woolwich,  addressed 
a  letter  to  the  commodore-superintendent  of  that  dock-yard,  suggesting  the 
consideration  that  the  surface  of  the  aperture  before  the  screw  might  have 
something  to  do  with  the  effect  of  the  screw.  He  said,  "  In  making  the 
arrangements  for  the  apertures  of  the  screw-propellers,  it  sometimes  occurs, 
owing  to  the  form  of  the  vessels  near  the  water-line,  and  immediately  belov 
the  unshipping  trunks,  that  the  fore  side  of  the  aperture  is  terminated  by  a 
surface  nearly  flat,  having  a  considerable  breadth  athwart-ships. 

"  To  what  extent  the  efficient  action  of  the  propeller  would  be  injured 
when  acting  under  such  circumstances,  and  whether  the  obstructions  to  the 
vessel's  motion  through  the  water  which  such  a  surface  seems  calculated  to 
produce  would  sensibly  diminish  her  speed,  are  questions  of  great  import- 
ance, which  no  one,  I  believe,  at  present  can  determine,  as  the  necessary 
facts  for  doing  so  can  be  obtained  by  experiment  a|,one. 

"  A  trial  of  the  screw-ships  now  in  progress  will  not,  in  my  opinion, 
throw  much  light  on  the  subject,  as  it  will  be  impossible  to  say  whether  the 
Kuperiority  which  one  may  possess  over  another  can  justly  be  attributed  to 
the  absence  of  the  obstruction  before  referred  to,  or  her  superior  form. 

"  1  take  the  liberty,  therefore,  of  suggesting  whether  it  may  not  be 
desirable  to  fix  upon  the  after  part  of  the  Dwarf  some  temporary  pieces  of 
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wood  or  iron,  so  as  to  alter  her  lines  in  the  neighbourhood  of  the  screw  aper- 
ture, with  a  view  of  determining  whether  any  and  what  effect  in  her  speed 
would  be  thereby  produced.  This  would  be  attended  with  considerable 
expense ;  but  I  think  the  advantage  of  determining  so  important  a  question 
would  probably  outweigh  it/'  * 

The  board  of  Admiralty  gave  direction,  in  the  month  of  April,  for  the 
proposed  experiment  to  be  made.  The  run  of  the  vessel  was  filled  out  to 
produce  a  transverse  surface  from  the  upper  part  of  the  aperture  down  to 
the  centre  of  the  screw,  to  a  breadth  equal  to  the  diameter  of  the  propeller. 
Without  waiting  till  it  might  be  convenient  to  vary  the  experiments,  Mr. 
Lloyd  said,  ''  I  deem  it  proper  to  express  my  opinion,  from  what  I  have 
done,  that  such  forms  are  exceedingly  prejudicial  to  velocity,  and  should 
not  be  adopted  in  her  Majesty's  vessels,  the  rate  of  the  Dwar/" having  been 
reduced  from  nearly  nine  knots  to  about  three  and  a  quarter,  by  filling  out 
the  vessel  at  the  upper  part  of  the  aperture  to  a  breadth  about  equal  to 
the  diameter  of  the  screw,  and  leaving  unaltered  the  part  of  the  aperture 
from  the  centre  of  the  screw  to  the  keel/'  This  report  was  made  in  Novem- 
ber of  the  same  year. 

The  immediate  consequence  of  the  experiment  and  report  in  question  was, 
that  the  screw  steam-vessels  then  in  the  course  of  building,  and  which  were 
not  finished,  or  nearly  finished,  were  altered ;  for  although  the  experiment 
on  the  Dwarf  didi  not  determine  what  form  of  the  run  was  right,  it  showed 
the  extreme  of  what  was  wrong,  and  drew  to  the  subject  the  attention  of  all 
who  were  concerned  in  the  building  of  steam-vessels  for  the  screw. 

At  that  time  a  considerable  number  of  screw  steam-vessels  were  in 
different  stages  of  building.  The  decision  was  at  once  taken  to  arrest 
the  progress  of  those  which  were  not  advanced  nearly  to  completion ; 
for  they  had  all  been  constructed  with  a  tuck  more  or  less  full ;  and, 
therefore,  all  needed  alteration.  It  is  true  that  the  experiment  made  on 
the  Dwarf  di\di  not  show  what  this  alteration  should  be;  it  only  showed  an 
almost  extreme  case  of  malformation,  with  reference  to  the  working  of  the 
screw.  On  the  other  hand,  the  fineness  of  the  run  in  both  the  Rattler  and 
Dwarf  WBS  evidently  favourable  to  speed.  The  important  questions  to  be 
decided  were,  therefore,  how  much  of  the  buoyancy  of  the  stem  must  be 
surrendered  by  increasing  the  fineness  of  the  run,  and  what  was  the  limit 
of  fineness  which  would  be  sufficient  to  allow  the  water  to  flow  into  the 
neighbourhood  of  the  screw  with  a  rapidity  which  would  supply  a  dense 
enough  mass  of  water  for  the  screw  to  exert  all  its  power  advantageously  in. 
In  a  state  of  science  that  has  not  defined  the  curve  which  would  determine 
this  outline,  the  most  simple  and  certain  way  to  ascertain  that  form  would 
have  been  by  approximation.  This  was  not  exactly  the  course  which  was 
taken;   but  the  constructors  of  the  several  screw  steam-vessels  yet  un- 

*  Parliamentary  paper,  No.  655,  session  1848. 


858  A    HISTORY    OF    NAVAL    ARCHITECTUBK. 

finished  were  required  to  submit  proposals  for  such  modification  of  the 
after  part  of  the  vessels  respectively  as  they  deemed  suited  to  produce  the 
improvement  required.     Some  constructors  rather  hastily  inferred,  that  all 
screw-ships  must  have  a  fine  run,  in  order  to  a  good  effect,  irrespectively  of 
the  speed  which  the  ship  might  be  required  to  attain.    But  the  experiment 
did  not  appear  to  the  author  to  lead  necessarily  to  such  an  inference;  and 
it  seemed  to  him  wise  to  proceed  cautiously,  with  the  view  to  arrive  at  the 
true  conditions  of  form  required  for  general  service,  at  the  least  expense. 
Some  time  before  this,  the  question  of  converting  several  line-of-battle 
ships  into  steam  guard-ships  had  been  brought  under  the  consideration  of 
the  Board  of  Admiralty.    The  reconmiendation  was  made  by  a  conunission, 
appointed  in  1844  to  inquire  into  the  state  of  the  coast  defences.    The 
members  of  this  commission  were,  captain  sir  Thomas  Hastings,  E.N.; 
colonel  sir  George  Hoste,  B.E. ;  and  colonel  Mercer,  R. A*    The  principal 
object  of  their  appointment  was  to  investigate  the  state  of  defence  of  the 
naval  arsenals  at  that  time,  and  to  suggest  such  changes  as  would  gire 
them  protection  against  any  sudden  attack.    The  means  of  defence  of  the 
naval  stations  were  most  deficient,  as  were  also  those  of  the  line  of  coast 
generally;  and  it  was  clearly  seen  that  the  common  guard-ships  would  not 
be  able  to  repel  an  attack  made  by  steamers, — ^the  means  by  which  it  was 
supposed  aggression  would  be  attempted  in  future  war.       In  addition, 
therefore,  to  the  improved  military  defences  which  they  reconunended,  the; 
proposed  that  the  government  should  convert  some  of  the  smaller  two- 
decked  ships  and  frigates  into  steam-ships,  to  constitute  a  system  of  naval 
protection,  suited  to  the  threatened  emergency,  of  the  coast  and  harbours 
of  the  country.    The  subject  was  taken  up  with  energy  by  the  right  hon- 
ourable Henry  Thomas  Lowry  Corry,  who  was  then  at  the  admiralty;  the 
feasibleness  of  the  project  was  considered  and  determined ;  and,  after  dif- 
ferent schemes  had  been  considered,  it  was  resolved  to  fix  the  propeller  in 
the  dead  wood,  in  accordance  vnith  the  plan  which  had  been  patented  by 
Mr.  Francis  Petit  Smith.    With  respect  to  some  of  these  ships,  the  pro- 
posal to  increase  the  length,  in  order  to  produce  a  fine  run  for  the  screw  to 
work  in,  was  entertained  by  the  Admiralty :  the  Hogue  and  the  BknAeim 
were  accordingly  lengthened.    The  author  was  consulted  by  the  Admiraltj 
on  this  subject ;  and  considering  that  there  were  not  sufficient  data  for 
a  general  conclusion,  as  to  the  form  which  should  be  given  to  the  ran;  and 
also,  that  as  a  very  moderate  speed  was  required  in  these  ships,  it  would 
be  wise  to  incur,  in  the  first  instance,  no  expense  beyond  what  was  ineyi- 
table  in  adapting  the  ship  to  the  reception  of  the  engines  and  the  screw : 
to  subject  only  one  of  the  ships  to  the  alteration,  until  the  effect  of  that 
:8hould  be  tried ;  and  then  at  every  successive  step  in  this  direction,  to 
proceed  on  certain  data.    It  was  considered  that  by  pursuing  such  a  course, 
two  important  objects  would  be  attained :  that  the  expense  to  be  incurred, 
ct  converting  the  several  line-of-battle  ships  and  frigates  into  screw-ships, 
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would  be  materially  less  than  it  would  if  the  alteration  of  each  ship  were 
an  experiment;  and  also^  that  if  it  were  found  necessary  to  give  a  fine  run 
to  any  of  these  ships^  the  experience  which  would  be  gained  would  be  more 
definite^  as  to  the  effect  which  would  be  attributable  to  the  form  of  the  run. 

This  recommendation  was  entertained  with  reference  to  the 
Ajax,  No  addition  was  therefore  made  to  the  length  of 
that  ship  :  a  hole  was  cut  in  the  dead-wood  of  the  run  for 
the  reception  of  the  screw^  and  a  trunk  was  constructed 
for  the  propeUer.  The  fulness  of  the  tuck  remained : 
and  fig.  4  shows  the  form  of  half  the  transverse  section 
forming  the  fore  part  of  the  aperture ;  and  fig.  5  shows 
the  form  of  a  horizontal  section^  acd,o{  the  after  part  of  the 
body  immediately  before  the  aperture  and  at  its  upper 
part^ — ac  in  fig.  5  corresponding  with  a  c  in  fig.  4.  The 
Admiralty  did  not  wait  to  obtain  one  well-defined  experi- 
ment^ before  they  ordered  the  machinery  to  be  placed  in 
two  of  the  other  ships^  the  Blenheim  and  the  Hogue. 
These  two  ships  were  lengthened  to  produce  dif- 
ferent degrees  of  fineness  in  the  run.  The  results 
of  trials  of  the  Ajax  and  the  Blenheim  have  proved 
that^  for  the  speed  which  is  required  of  that  class 
of  ships^  a  fine  run  is  not  needed.  The  engines  of 
both  ships  are  of  the  same  power ;  the  screws  were 
of  the  same  diameter^  and  the  pitch  differed  so 
little^  that  the  angle  of  the  Blenheim'^  screw  was 
-  greater  than  the  angle  of  that  of  the  Ajax  by  less 
than  half  a  degree.  Under  these  conditions,  the  speed  of  the  Ajax  was 
6.46  knots  an  hour,  with  a  slip  of  18.54  per  cent,  of  the  speed  due  to  the 
revolutions  of  the  screw ;  and  the  speed  of  the  Ble^iheim  was  5.74  knots 
with  a  slip  of  31.97  per  cent,  of  the  speed  due  to  the  revolutions  of  her 
screw.  The  screw  of  the  Ajax  having  been  changed,  the  same  diameter 
being  retained,  and  the  angle  of  the  blade  having  been  reduced  from 
21°  12'  20*  to  19°  37'  80",  her  speed  with  a  less  power  exerted  than  in  the 
previous  experiment,  or  than  in  the  experiment  with  the  Blenheim,  was  7.063 
knots  an  hour,  with  a  slip  of  16.18  per  cent,  on  the  speed  due  to  the  revo- 
lutions of  the  screw.  These  facts  show  clearly  that,  at  a  speed  of  seven  or 
eight  nautical  miles  an  hour,  a  full  tuck  is  not  disadvantageous  to  the  effect 
of  the  screw ;  and  that,  therefore,  in  this  class  of  ships,  the  fulness  of  the 
stern  may  be  retained. 

The  same  feet  was  shown,  to  some  extent,  in  the  Arrogant ;  for,  with  a 
degree  of  fiilness  in  the  run  of  which  some  very  experienced  men  disap- 
proved, and  with  a  screw  15  feet  6  inches  in  diameter,  and  whose  angle  is 
17°  7*  20",  she  has  attained  a  degree  of  speed  slightly  in  excess  of  that 
which  is  due  to  the  revolutions  of  the  screw.    Her  speed  was  8.26  knots ; 


a 


3C0  A    HISTORY    OF   NAVAL    ARCHITECTCHE. 

it  is  theretore  clear^  that  when  the  speed  under  steam  is  not  required  to  be 
greater  than  that — ^and  this  is  generally  the  case  when  the  steam  power  is 
only  auxiUary — a  fine  run  is  not  necessary. 

The  same  principle  does  not  apply  to  screw  ships  of  full  steam  power. 
The  Dauntless  steam  frigate  {Plate  45  a),  was  the  first  of  her  class  that 
was  constructed ;  her  construction  was  therefore  an  experiment.  The 
order  for  the  design,  and  the  execution  of  it,  were  in  the  year  1844,  when 
England  was  alarmed  lest  the  safety  of  its  shores  might  soon  have  to  be 
identified  with  an  efficient  steam  navy.  So  far  the  need  of  the  country  was 
perceived.  But  there  had  been  nothing  in  experience  to  show  what  should 
be  the  conditions  which  would  fulfil  the  intentions  of  the  government,  in 
introducing  into  the  navy  a  class  of  ships  with  peculiarities  of  so  great 
magnitude  and  importance.  It  was  clear  that  the  quantity  of  displacement 
must  be  extraordinary  in  relation  to  the  armament.  The  chief  problem  to 
be  solved  in  such  an  experiment,  was  to  produce  the  best  form,  having 
such  displacement,  carrying  the  ports  at  a  sufficient  height  from  the  water, 
and  with  enough  stabihtv  for  the  sail  required  by  such  a  ship.  As  paddle- 
wheel  steamers  could  not  show  in  what  manner  these  results  could  be 
obtained,  the  plan  must  assume  some  bold  features  of  originality  which  it 
is  not  common  to  hazard  in  naval  construction. 

It  has  been  observed  at  pp.  856-7,  that  the  condi- 
^  ^.-^  tions  of  the  after  part  of  the  ship  required  for  the  screw- 

_^.u  propeller  were  not  determined  at  that  time,  and  the 

tuck  was  made  too  full.     Figure  6  represents  the  form 
of  half  the  fore  part  of  the  aperture,  and  6/,  fig.  7,  the 
^  ]  /      jr.    ^      form  of  the  water-line,  and  ef  the  abrupt  termination 
y'   •  yf       transversely  at  the  upper 

J?/  part  of  the  aperture. 

^  '  ^y^      Ty    JT       The  trial  of  the  ship 

•^*  '  with  such  an  aperture, 
showed  the  necessity  of 
c  alteration.  She  was  there- 
fore lengthened  by  an  addition  of  10  feet  to  the  after  body ;  and  fig.  7 
shows  the  addition  of  the  horizontal  section  at  the  upper  part  of  the  aper- 
ture, a  ef  representing  the  part  added  to  produce  a  fineness  of  the  form 
immediately  before  the  aperture.  *  With  such  additional  length,  her  prin- 
cipal dimensions  are  as  follow  :— length  between  the  perpendiculars,  218  feet 
1  inch ;  extreme  breadth,  39  feet  9  inches ;  depth  in  hold,  26  feet ;  load 
mean  draught  of  water,  17  feet  3  inches ;  load  displacement,  2432.8  tons ; 
and  area  of  greatest  transverse  section  at  this  immersion,  559  square  feet. 

The  effect  of  the  alteration  has  been  perfectly  satisfactory.  The  speed 
of  the  engines  was  increased,  from  a  mean  of  24|  strokes  in  a  minute,  with 
the  original  form  of  the  ship,  to  a  mean  of  80  strokes  in  a  minute  with  the 
alteration ;  and  the  slip  of  the  screw  was  diminished  from  25.69  per  cent. 
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to  14.93  per  cent,  of  the  speed  due  to  the  number  of  its  revolutions.  This 
remaining  amount  of  slip  is  large  in  comparison  with  that  of  some  other 
experiments  which  have  given  good  results.  But  as  the  angle  of  the  screw 
was  21°  22'  15"^  and  as  the  loss  by  slip  diminishes  as  the  angle  of  the  screw 
is  diminished^  there  is  little  doubt  that  all  that  is  needed  to  the  highest 
development  of  the  effect  of  the  screw  depends  on  the  correctness  of  its 
angle^  and  the  capability  of  the  engines  and  their  gearings  to  give  the 
required  speed  to  the  screw. 

The  measure  of  success  of  this  ship^  as  exhibiting  a  new  class^  can  be 
determined  only  by  experiment ;  it  is,  however,  in  the  course  of  develop- 
ment. But,  as  the  masting  which  the  author  proposed  as,  according  to 
his  judgment,  the  best  suited  to  the  ship,  was  not  approved,  and  as  smaller 
masting  has  been  substituted,  the  sailing  quaUties  of  the  ship  cannot  yet 
be  fully  known.  There  is  Httle  doubt,  that  in  some  points  of  detail,  im- 
provements might  be  made  in  the  construction  of  a  similar  ship,  profiting 
by  experience  when  it  may  have  been  sufficiently  extended  in  the  Dauntless, 
without  impugning  the  general  principles  on  which  that  ship  was  con- 
structed ;  which,  as  well  as  most  of  the  details,  experience  has  shown  to  be 
correct. 

The  Encounter  was  ordered  to  be  constructed  to  take  the  place,  as  to 
armament,  of  steam-sloops  propelled  with  paddle-wheels,  and  of  larger  ton- 
nage, generally  between  1000  and  1100  tons  burthen.  The  constructed 
tonnage  of  the  Encounter  was  896  tons.  Her  length  between  the  perpen- 
diculars was  180  feet,  extreme  breadth  33  feet  2  inches,  and  depth  in  hold 
20  feet  10  inches.  She  was  built  with  what  was  called  a  square  tuck;  but 
in  that  state  she  underwent  no  experiment  for  the  determination  of  her 
speed.  She  was  altered  by  an  addition  of  10  feet  to  the  after  body,  whereby 
the  form  of  the  fore  part  of  the  aperture  was  brought  to  the  same  degree 
of  fineness  from  the  top  to  the  bottom.  Her  tonnage  was  increased  by  the 
alteration  from  896  to  953  tons. 

The  armament  was  at  first  intended  to  be  six  10-inch  guns,  of  85  cwt. 
each ;  but  that  intention  has  not  been  carried  into  effect. 

The  Niger  was  constructed  by  Mr.  Lang,  for  the  same  description  of 
service  as  the  Encounter.  He  constructed  at  the  same  time  the  Basilisk 
also,  as  it  was  understood,  to  give  another  fair  trial  to  the  two  instruments 
of  propulsion, — ^the  Niger  having  a  screw,  and  the  B<isilisk,  paddle-wheels. 
The  general  similarity  of  the  two  ships  was  not  strict  enough  to  answer 
the  object  of  a  final  experiment ;  a  condition  which  may  not,  indeed,  have 
been  contemplated.  But  of  what  use  are  experiments,  if  they  are  conducted 
so  loosely,  that  the  inferences  which  it  may  be  desirable  to  deduce  from 
them,  cannot  be  made  with  certainty  ?  In  the  greatest  speed  of  the 
vessels,  at  the  load-draught  of  water,  the  Niger  attained  the  greatest  velo- 
city in  relation  to  the  power  exerted,  by  1.45  per  cent.  At  a  draught  of 
water  diminished  by  about  two  feet,  the  paddle-wheels  were  more  effective, 
whilst  the  power  of  the  screw  was  unchanged,  and  in  that  state  the  speed 
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of  the  Basiliak  in  relation  to  the  power  was  4.7  per  cent,  greater  than  that 
of  the  Niper,  and  at  a  mean  draught  of  water  it  waa  1.75  per  cent,  greater. 
In  making  such  comparison  it  is  important  to  notice,  that  the  direct  resis- 
tance of  the  Niger,  or  the  area  of  the  greatest  transverse  section^  is  greater 
than  that  of  the  Basilisk  by  3^  per  cent. 

There  is  one  feature  in  the  performances  of  the  Niger  that  must  be  taken 
into  account  in  relation  to  her  speedy  and  that  is  the  extraordinary  amount 
of  slip,  in  comparison  of  that  of  some  other  screw-vessels.  It  appears 
that  in  the  best  trials  of  the  Niger  the  slip  of  the  screw  was  24  per  cent,  of 
the  speed  due  to  its  revolutions.  This  may  be  accounted  for  in  part^  if 
not  altogether,  by  the  great  relation  of  the  pitch  of  the  screw  to  its  diame- 
ter, giving  it  an  angle  of  24°  16'  30". 

The  relative  power  of  the  propellers  to  overcome  resistance  was  put  to 
the  same  severe  trial  as  it  was  in  the  Rattler  and  Alecto,  and  the  result  was 
similar :  the  two  ships  were  fSuitened  together  by  the  stem,  and  both  put 
in  motion,  when  the  Niger  towed  the  BasUisk  at  the  rate  of  nearly  one  and 
a  half  knot  an  hour.  Both  these  experiments  show  that  the  screw  is  pos- 
sessed of  a  decidedly  greater  power  on  the  water  than  the  paddle-wheel^ 
and  therefore  it  is  a  better  propeller  for  steam-tugs.  There  is  one  other 
consideration  that  may  be  noticed  in  proof  that  the  screw  is  the  best  for 
tug-vessels :  the  resistance  opposed  to  the  screw  had  much  less  power  to 
diminish  the  speed  of  the  piston  and  the  power  of  the  engines  than  the  paddle- 
wheels, — a  fact  of  considerable  importance  in  this  description  of  service. 

The  experiments  have  confirmed  all  preceding  evidence,  tending  to  show 
that  the  screw-propeUer  is  a  much  more  economical  instrument  than  paddle- 
wheels,  on  the  ground  of  its  forming  no  impediment  to  the  working  of  the 
ship  under  sail  alone ;  seeing  that  a  great  portion  of  the  service  required  of 
steam-ships  and  vessels  of  war  can  be  performed  under  sail  as  well  as  by 
means  of  steam ;  and,  therefore,  the  use  of  steam  ought  to  be  the  exception 
in  their  service  rather  than  the  rule.  This  advantage  is  additional  to  those 
of  the  protection  of  the  machinery,  and  the  freedom  of  the  decks  and  broad- 
sides for  the  special  purposes  of  ships  of  war. 

The  Conflict  and  Desperate  have  been  constructed  for  the  same  descrip- 
tion of  service  as  the  Encounter ,  and  Niger. 

There  was  a  general  unwillingness  to  hazard  much  by  applying  the  screw- 
propeller  to  merchant  vessels,  before  some  satisfactory  results  should  be 
obtained  from  the  performances  of  the  Rattler,  as  well  regarding  the  power 
of  the  screw  to  propel  the  vessel,  as  to  the  best  form  of  the  screw.  The 
Great  Western  Steam-ship  company  was  a  bold  exception  to  that  feeling 
of  cautiousness  and  distrust ;  and  the  City  of  Dublin  Steam-packet  com- 
pany also  stood  prominently  forward  in  zeal  for  the  introduction  of  the 
screw-propeller  into  commercial  use.  The  Margaret,  Senator,  Citizen,  and 
THbune,  were  built  for  that  company  in  1843,  and  two  others  in  1844. 
The  late  earl  of  Auckland  obtained,  in  the  spring  of  1848,  a  return  of  the 
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screw-vessels  used  at  the  port  of  Liverpool,  bv  which  it  appeared  that  in 
1845  there  were  five  screw^vessels;  in  1846  there  were  about  fifteen;  and 
in  1847  there  were  about  twenty-eight.  It  does  not,  however,  appear  that 
the  screw-vessels  of  Dublin  and  of  Liverpool  were  wisely  managed ;  for  whilst 
those  places  were  identified  with  the  most  enterprizing  zeal  in  bringing  the 
screw-propeller  into  use,  it  was  there  associated  with  so  much  of  failure  and 
loss,  that  public  confidence  was  greatly  shaken  *  the  failures  being  attributed, 
in  general  estimation,  rather  to  the  means  of  propulsion  than  to  the  true, 
but  accidental  cause.  But  Liverpool,  which  had  gone  far  towards  sacrificing 
the  reputation  of  the  screw,  became  in  the  latter  part  of  the  year  1848,  the 
point  of  departure  of  the  General  Screw  Steam-shipping  company's  auxili- 
ary screw-vessels,  trading  between  England  and  Constantinople ;  and  the 
effect  at  Liverpool,  of  the  success  with  which  that  trade  has  been  carried  on, 
has  been  a  revival  of  public  confidence  in  that  propeller,  to  such  extent  that 
in  less  than  a  year  the  insurance  on  shipments  in  those  vessels  fell  from 
four  per  cent,  to  one  and  a  quarter  per  cent. 

It  appears  from  what  has  just  been  said,  that  from  the  time  when  the 
most  satisfactory  performances  of  the  Rattler  became  known,  the  use  of  the 
screw  increased  at  a  great  ratio  in  the  commercial  navy.  On  the  other 
hand,  the  board  of  Admiralty  looked  for  the  most  economical  use  of  the 
screw  in  mercantile  vessels,  to  infer  therefrom  the  propriety  of  a  similar 
application  of  it  in  the  navy.  The  screw  was  applied  very  successfully 
by  the  General  Screw  Steam-shipping  company,  to  vessels  employed  be- 
tween London  and  two  of  the  ports  of  Holland.  The  CUy  of  Ixmdon, 
and  City  ofSotterdam^  were  similar  ships,  of  272  tons  each,  with  a  nominal 
power  of  80  horses.  They  were  formed  suitably  for  the  conveyance  of 
cargoes,  whilst  the  sharpness  of  the  bow,  and  the  fineness  of  the  run,  had 
reference  to  speed.  When  the  vessels  were  under  way,  the  screw  was 
always  used  as  an  auxiliary  propeller.  In  the  year  1847  these  two  vessels 
made  together  eighty-six  passages  between  London  and  Rotterdam,  at  the 
average  speed  of  7*92  miles  an  hour,  consuming  75  pounds  of  fuel  for  each 
mile.  During  the  same  period  the  two  similar  ships.  Lord  John  Russell  and 
Sir  Robert  Peel,  of  320  tons,  and  40  horse-power  each,  performed  together 
eighty-nine  passages  between  London  and  Harlingen,  at  an  average  speed 
of  8*25  miles  an  hour,  consuming  79  pounds  of  fuel  for  each  mile.  The 
small  power  employed  in  these  vessels  produces  a  speed  of  five  miles  an 
hour  directly  to  windward,  and  enables  them  to  make  their  passages  with 
a  regularity  unhindered  by  such  conditions  of  the  weather  as  sometimes 
oblige  large  steam-vessek  to  return,  unable  to  venture  in  the  North  Sea. 
Various  ineffectual  efforts  had  been  made  to  render  the  screw-propeller  sub- 
servient to  the  interests  of  commerce,  and  it  is  no  disparagement  of  the 
screw  that  failure  was  repeated.  It  became,  at  length,  the  province  of  this 
company  under  the  direction  of  Mr.  Laming,  to  realise  and  carry  out  the 
plan  of  its  successful  working,  both  in  short  and  long  voyages.    The  same 
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company  had  previously  carried  on  a  similar  trade  in  fast  sailing  schooners, 
and  the  result  of  a  comparison  of  the  services  of  these  two  descriptions  of 
vessels  shows,  that  on  an  average  the  screw-vessels  made  four  voyages  to 
the  sailing-vessels'  one ;  and  that,  whilst  the  expenses  of  the  sailing-vessels 
were  at  the  rate  of  twenty-six  shillings  per  ton  for  each  voyage,  the  expenses 
of  the  screw-schooners  were  only  sixteen  shillings  per  ton  for  the  like  ser- 
vice. These  vessels,  therefore,  exhibit  important  results  in  the  certainty  of 
passage,  in  the  economy  with  which  it  is  performed,  and  in  the  greater 
amount  of  service  which  any  number  of  vessels  so  propelled  can  perform, 
than  merely  sailing-vessels.  It  may  be  observed,  that  the  average  speed  of 
these  four  vessels,  during  one  entire  year,  is  the  same  that  was  estimated 
as  attainable  by  powerful  steamers  when  the  project  appeared  of  establishing^ 
steam  communication  between  this  country  and  the  East  Indies  via  Suez, 
whilst  the  steam  power  used  to  work  the  auxiliary  propeller  is  considerably 
below  one-half  of  the  power  applied  to  the  large  steamers  used  in  the 
Indian  Ocean.  The  results  just  stated  were  worthy  of  being  taken  as  data 
in  estimating  the  value  of  the  screw  as  an  auxiliary  propeller  in  the  light 
cruisers  of  the  royal  navy;  and  they  appear  to  have  been  so  regarded;  for 
lord  John  Hay  stated,  in  evidence  before  a  committee  of  the  House  of 
Commons,  that  reference  had  been  made  to  vessels  "  trading  between 
London  and  Hamburgh  and  Harlingen/'  in  determining  the  conditions  for 
the  sloops  in  which  the  Admiralty  deemed  it  advisable  to  use  auxiliary 
steam  power  and  the  screw.* 

By  a  "  tabular  statement,"  published  in  the  '^  Nautical  Standard,"  of 
the  dimensions,  power,  and  expenses  of  mercantile  steam-vessels,  it  appears 
that  the  original  cost  of  paddle-wheel  steamers,  including  all  that  is  necessary 
to  their  fitness  for  sea,  is,  on  an  average,  about  5/.  9^.  per  ton  greater  than 
that  of  screw-steamers,  and  that  their  current  expenses  for  a  year  are  about 
8/.  per  ton  more  than  those  of  screw-vessels ;  at  the  same  time  that  the 
average  "  measure  of  cargo  "  is  for  screw-steamers  0'753  of  a  ton  for  eadi 
ton,  builders'  measure,  whilst  for  paddle-wheel  steamers  it  is  only  0*425  of 
a  ton.  As  "  the  dimensions  of  vessels,  engines,  sections,  velocities,  capa- 
cities, disbursements,  and  other  statements,  are  based  on  practical  results,"  t 
their  general  accuracy  may  be  inferred;  and,  being  so,  the  statement  of 
facts  requires  no  observation  to  add  to  its  force. 

The  confidence  which  had  been  produced  by  the  character  and  perform* 
ances  of  the  mercantile  screw-schooners  led  to  the  fitting  of  the  screw-pro* 
peller  with  auxiliary  steam-power  of  sixty  horses  to  the  Plumper  and  Rey^ 
nard  sloops,  leaving  the  further  application  of  this  power  to  that  description 
of  vessels  to  be  made  after  experience  shoidd  be  gained.  This  has  been 
partially  obtained,  and  the  capabilities  of  screw-vessels  are  now  being  more 

*  Parliamentary  paper,  No.  555,  session  1848. 
t  ''  Nautical  Standard,**  voL  iv,  p.  408. 
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fully  developed  in  the  service  in  which  these  two  sloops  are  employed.  The 
satisfactory  character  of  these  two  vessels^  which  may  be  regarded  chiefly 
as  experimental^ — the  Plumper  being  stationed  in  the  West  Indies^  and  the 
Btynard  in  the  East  Indies^ — ^will  doubtless  strengthen  all  the  confidence 
which  has  been  felt  in  the,  advantages  of  having  an  auxiliary  screw  with 
small  power  fitted  to  light  cruisers.  The  following  are  the  principal  dimen- 
sions and  power  of  the  Plumper  and  Reynard: — 


PARTICULARS. 


Length  between  t)ie  perpendioularB 
Length  of  keel  for  tonnage 
Extreme  breadth  .... 
Breadth  for  tonnage 
Moulded  breadth  .... 
Depth  in  hold  .... 
Burthen  in  tons    .... 


Plumper. 


Hemtatdm 


ft.   ins. 

ft.  iiu. 

140  0 

147  0 

124  10 

128  4^ 

27    6 

27  10 

27  2 

27  6 

26  8 

27  0 

15  9 

14  6 

489 

516 

The  armament  of  the  Plumper  is  as  follows :  ten  32-ponnders  of  17  cwt.  for 
the  broadsides,  and  two  32-ponnders  of  56  cwt.  for  the  extremities.  That 
of  the  Reynard  consists  of  ten  32-pounders  of  17  cwt.  for  the  broadsides, 
and  one  32-pounder  of  56  cwt.  for  the  bow. 

The  plan  of  the  late  board  of  Admiralty,  regarding  the  introduction  of 
auxiliary  steam-power  into  the  navy,  seems  to  have  been  taken  with  greater 
confidence.  They  did  not  wait  for  a  precedent  in  private  service ;  but,  ap- 
prehending the  coming  wants  of  the  navy,  they  deemed  it  necessary  to  pro- 
vide for  those  wants  in  the  best  way  they  could ;  and,  even  whilst  the  experi- 
ments of  the  Rattler  were  going  on,  they  began  to  order  the  constmction 
of  screw-firigates.  The  Arrogant  (Plate  46)  was  the  first  frigate  ordered  to 
be  built  for  auxiliar}'  steam-power :  she  was  constructed  at  the  advice  of  the 
right  honourable  Sidney  Herbert,  when  he  was  secretary  of  the  admiralty. 
The  decision  was  made  to  build  that  ship  in  1844,  a  time  when  this  country 
was  opposed  to  the  menacing  attitude  of  France,  whose  rising  steam  navy 
excited  the  ambition  of  a  naval  prince  of  France  for  distinction  to  which 
that  might  be  subservient.  A  scheme  for  the  invasion  of  England  was 
made  public  in  a  pamphlet,  most  unwisely  sent  forth ;  but  the  alarm  it 
produced  here  was  unquestionable.  Aggression  by  means  of  a  steam  navy 
oould  be  resisted  on  the  sea,  with  a  hope  of  success,  only  by  a  like  power. 
Whilst  the  importance  of  having  this  power  of  defence  was  evident,  the 
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All  these  services  require  the  sailing  power  to  be  complete^  and  the 
machinery  to  be  bdow  the  water-line ;  and^  therefore^  the  nse  of  the  screw* 
propeller  rather  than  paddle-wheels.  The  experience  which  has  been  gained 
in  the  use  and  capabilities  of  the  screw  is  now  so  ample,  that  the  continued 
building  of  paddle-wheel  steamers  for  any  of  these  purposes  may  be  re- 
garded as  a  means  of  retarding  the  development  of  steam  power  in  the 
navy,  under  conditions  that  would  make  it  worthy  of  the  confidence  with 
which  the  country  is  looking  to  it,  in  the  event  of  its  being  employed  in 
war.    It  may  be  expected  that  the  country  will  soon  appreciate  the  superi- 
ority of  the  screw  to  paddle-wheels ;  and  that,  such  judgment  pervading  the 
nation,  the  government  will  then  relinquish  the  inferior  system  of  propul- 
sion, (which  hardly  differs  materially  from  the  wheels  that  were  used  with 
Mr.  Miller's  yacht,  see  p.  282,)  and  own  the  reasonableness  of  using  the 
highest  form  of  improvement  in  preference  to  all  that  has  preceded,  however 
decided  the  sanction  of  usage  may  have  been.  There  is  no  reasonable  doubt 
that  a  decision  come  to  immediately,  to  have  the  screw-propeller  fitted  to 
all  steamers  that  are  yet  to  be  built  for  any  of  the  services  just  named, 
would  be  conducive  to  both  economy  and  efficiency.    Further  experience 
is  yet  needed  to  determine  the  best  proportion  of  steam  power  to  tonnage 
in  well-formed  ships  fitted  with  the  screw ;  but  it  is  certain  that  the  pro- 
portion is  considerably  less  than  that  required  in  propelling  by  paddle- 
wheels  :  and  so  the  weight  of  machinery  is  diminished,  whilst  altogether  it 
promotes  stability.    The  saving  applies  to  the  original  cost  and  to  the 
current  expense  of  working  the  engines. 

The  higher  efficiency  consists  in  having  the  machinery  secured  firom 
danger;  in  having  the  sailing  power  of  the  vessels  unimpaired;  and  in 
adding  the  power  of  steam  to  that  of  the  wind,  far  more  completely  than 
it  is  possible  to  unite  the  same  powers  in  using  paddle-wheels. 

As  there  is  always  a  certain  point  in  the  radius  of  the  paddle-wheel 
whose  velocity  is  the  same  as  that  of  the  vessel,  it  is  evident  that  if  the 
floats  were  placed  nearer  to  the  centre  than  that  point,  the  part  of  the  float 
so  placed  would  revolve  with  a  less  velocity  than  the  vessel  advances,  and 
would  therefore  offer  a  resistance  to  her  speed.  This  point  approaches 
towards  the  circumference  of  the  wheel,  as  the  slip  is  diminished.  The  use 
of  sail  diminishes  the  slip ;  but  before  it  can  reduce  it  to  nothing,  a  great 
part  of  the  floats  must  oppose  the  speed  of  the  vessel.  Supposing  the 
average  slip  of  paddle-wheels  to  be  about  one-third,  then  the  maximum  of 
the  ship's  velocity  would  be  attained  before  this  one-third  should  be  added. 
The  paddle-wheels  must,  therefore,  of  themselves  very  soon  fix  a  limit  to 
the  speed  which  would  not  be  exceeded  under  the  most  favourable  condition 
of  the  wind.  If  the  wind  is  such  as  to  produce  any  inclination,  then  both 
paddle-wheels  work  at  a  disadvantage  in  proportion  to  the  extent  of  the 
inclination;  and  so  a  material  part  of  the  benefit  of  using  the  sail  is  lost 
by  the  less  effective  working  of  the  paddle-wheels. 
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The  importance  of  having  screw  ships  complete  as  sailers^  is  strongly 
insisted  on  by  naval  men ;  and  as  the  consideration  of  economy  requires 
that  sail  rather  than  steam  should  be  employed  whenever  the  wind  will 
supply  the  required  power^  it  is  desirable  to  ascertain  to  what  extent  the 
power  of  sail  may  be  employed  in  screw  steam-ships  and  vessels.  This 
can,  of  course,  be  determined  only  by  their  stabiUty ;  and  as  the  stability 
of  one  ship  can  be  compared  with  that  of  another,  a  comparison  of  ships 
of  approved  character,  with  screw-ships,  may  show  whether  the  construction 
of  steam-ships  renders  the  application  of  full  sailing  power  admissible.  The 
following  Table  presents  a  comparison  of  several  frigates  whose  calculated 
stability  has  been  satisfactorily  ascertained  in  actual  service  : 


Ship's  Name. 


Raleigh 
Leaoder     . 
Arethusa   , 
Indefatigable 
Phaeton 
Arrogant    . 
Dauntless  . 
Thetis  .     . 
Encounter  • 


m 
M 


803 
761 
726 
789 

1029 
950 

1100 
695 

1314 


> 


a?  CO 

•^    bC 
0 
^   es 


^ 


a 
D 


9-0 
10-2 
99 
9*2 
91 
8-3 
7-5 
10-3 
8-2 


^    ■^    O 


"   g 
O  J 

Q)     O 


o 


a 
A 


36.9 
38-5 

367 
33-9 
32-3 
36-3 
32-9 
37-0 
31-4 


> 


J 


O  es 

«  2  c 
•5  o 

^  *^ 

o  p  g 

'^  0*2 

«  S    V 

o 


o  c> 


►^'S 


In  the  preceding  Table,  a  represents  the  area  of  sail  in  square  feet ;  A 
the  area  of  the  greatest  transverse  section  in  square  feet ;  D  the  displace- 
ment in  tons ;  M  the  moment  of  stability  in  tons ;  and  m  the  moment 
of  sail. 

It  will  be  observed  that  the  quantity  of  sail  is  compared  with  two 
elements  in  the  ship, — ^the  displacement,  and  the  area  of  the  greatest 
transverse  section ;  for,  whilst  the  resistance  of  a  body  in  passing  through 
a  fluid  is  materially  affected  by  its  form,  as  well  as  by  the  area  of  the 
greatest  transverse  section, — still,  as  in  bodies  not  similarly  formed,  the 
displacement  does  not  vary  in  a  direct  ratio  with  the  greatest  transverse 
section,  it  seems  more  likely  to  arrive  at  a  just  estimate  of  their  sailing 
power  from  their  quantity  of  sail,  by  making  the  weight  which  is  to  be 
moved  through  the  water,  as  well  as  that  element  which  seems  most 
directly  to  affect  the  ship^s  speed,  a  subject  of  comparison. 

Of  the  preceding  exatuples,  the  Arethusa,  Indefatigable,  Leander,  Phaeton, 
Raleigh,  and  Thetis,  are  sailing  frigates ;  the  Arrogant  is  a  frigate  with 
auxiliary  steam-power  and  a  screw-propeller;  the  Dauntless  is  a  screw  frigate, 
and  the  Encounter  a  screw  corvette,  both  with  full  steam-power.  Except 
the  Phaeton,  all  the  sailing  frigates  have  more  relative  stability  tli:m  the 
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steamers;  the  Arrogant,  with  only  auxiliary  steam-power^  has  greater 
relative  stability  than  either  the  Dauntless  or  the  Encounter.  It  appears, 
therefore^  that  as  steam  machinery  is  applied  to  ships^  the  conditions  of 
their  construction  must  be  such  as  to  fix  their  stability  at  a  less  quantity 
relatively  to  their  dimensions  and  tonnage.  The  Table  shows  also  that 
the  quantity  of  sail  in  relation  to  the  displacement,  is  in  every  instance 
less  in  the  steamers  than  in  the  sailing  frigates.  But  as  the  steam-ships 
are  relatively  longer  than  sailing-ships,  their  area  of  greatest  transverse 
section  is  relatively  less  than  that  of  the  sailing-ships ;  and  in  relation  to 
this  element,  the  Arrogant  has  more  sail  than  either  the  Ind^atigable  or 
the  Phaeton,  and  the  Dauntless  has  slightly  more  than  the  Phaeton.  The 
two  forms  of  comparison  together  disallow  the  expectation  that  steam-ships 
may  be  as  good  sailers  as  sailing-ships  of  similar  classes^  unless  the  quantity 
of  sail  to  be  carried  by  them  be  determined  by  a  different  rule  from  that 
which  has  been  commonly  used  in  determining  the  quantity  of  sail  for 
sailing-ships. 

Before  the  screw-propeller  was  introduced  into  the  navy,  the  capability 
of  paddle-wheel  steamers  to  carry  sail  had  led  to  the  fixing  of  a  scale  of 
masting  for  them  considerably  below  that  of  masting  for  sailing-ships; 
and  afterwards,  when  screw  steam-ships  were  built,  they  were  regarded  as 
steamers  to  carry  sail,  rather  than  as  sailing-ships  to  be  furnished  with 
steam-power ;  and  so  a  low  scale  of  masting  was  determined  on  for  them 
also.  But  the  conditions  of  ships  propelled  by  the  screw  are  so  dissimilar 
from  those  of  ships  propelled  by  paddle-wheels,  that  neither  as  to  stability 
nor  to  the  circumstances  in  which  sail  should  be  used  in  screw-ships,  should 
the  quantity  of  their  sail  be  inferred  from  the  conditions  of  paddle-wheel 
steamers.  A  failure,  as  it  seems,  of  recognising  these  differences,  has 
placed  screw-ships  in  a  condition  in  which  they  cannot  exhibit  the  full 
capabilities  resulting  from  their  construction,  and  from  the  low  position  of 
their  machinery ;  for  it  is  certain  that  their  stability  is  sufficient  to  bear  a 
higher  scale  of  masting  than  that  which  has  been  officially  sanctioned. 
And  a  just  proportion  of  sail  to  that  description  of  ships  is  necessary  to 
the  rank  in  which  they  are  entitled  to  stand  in  relation  to  other  ships  of 
tilie  navy. 

The  progress  of  experience  with  the  screw  has  exhibited  varying  results, 
the  elementary  conditions  of  propulsion  by  that  instrument  not  having 
been  defined  with  sufficient  accuracy  to  lead  to  uniformity  in  any  number 
of  subjects  of  experiment.  Individually,  there  is  much  vagueness  in  the 
opinions  of  naval  architects  and  of  engineers  as  to  the  best  conditions.  Who 
has  yet  determined  for  a  steamer  the  form  which  will  overcome  the  resist- 
ance of  the  water  with  the  greatest  facility,  and  contribute  most  effectually 
to  a  good  result  of  the  screw  ?  If  the  same  conditions  are  not  applicable 
to  all  degrees  of  speed,  there  is  yet,  without  doubt,  a  definite  relation 
between  these  two  conditions  for  the  development  of  the  best  result,  at  any 
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giyen  speed  whatever.  Now^  although  experieuce  has  failed^of  determining 
these  and  other  conditions  and  relations  of  great  importance^  theoretical 
investigation  has  been  recently  pursued  up  to  some  most  important  definite 
results.  The  following  note  shows  one  of  these  results^  and  the  application 
<^  the  formula  to  several  of  the  experiments  in  the  table.* 

Whilst  all  experience  and  effort  at  investigation  have  proved  the  subject 
to  be  very  complicated  and  difficult  of  analysis,  we  may  yet  see  that  the 
power  of  the  engine  is  absorbed  by  several  resistances  acting  together, 
and  which  it  is  evidently  not  easy  to  estimate  particularly.  There  are  the 
resistance  which  the  vessel  has  to  overcome  in  moving  the  water  firom  her 
path,  and  what  is  called  the  minus  pressure ;  the  friction  of  the  water  upon 

*  It  has  been  proved  by  theoretical  investigation  that 

irT^ 

«'w (^) 

pl 

when  the  vessel  and  the  rotation  of  the  screw  have  attained  a  uniform  motion ;  where 
R'^  »  the  accelerating  force  necessary  to  resist  the  motion  of  the  vessel,  moving 
with  a  velocity  v,  and  with  «  pounds  pressure  of  steam  in  the  cylinder. 

T^  •   the  number  of  units  of  moment  of  force  when  tr  pounds  pressure,  as 
measured  by  the  indicator,  are  applied  to  the  piston. 

T  -  3.1416,  &c. 

p  "  the  pitch  of  the  screw. 

/  .  the  moment  of  inertia  of  the  screw. 

A  unit  of  moment  is  one  pound  avoirdupois,  acting  at  a  distance  of  one  foot  from  the 
centre  of  the  axis  of  the  screw. 

If  we  assume  the  relation 

which  is  not  far  from  the  truth,  where  A"  is  equal  to  the  area  of  the  greatest  transverse 
section  of  the  ship,  and  m  is  a  constant  quantity,  we  shall  have 

.        ^ =~ W 

mA'pl 

Hence  this  important  result — the  square  of  the  velocity  of  the  vessel,  is  directly 
proportional  to  the  moment  of  the  engine,  and  reciprocally  proportional  to  the  rectangle 
of  the  pitch  of  the  screw  and  its  moment  of  inertia. 

With  the  same  vessel,  and  with  the  same  moment  of  the  engine,  but  with  a  different 
screw,  we  shall  have 

vf ; 

m  A"  p'  I* 

Whence  i.  „  £-L  ,       ....      (c) 
vf       p   I 

Or  t^  X  pi  ^  v^  ic  p'  r. 

Up  /be  less  thxap'  F,  then  v  will  be  greater  than  Vx ;  and  when /» /is  a  minimum, 
the  velocity  of  the  vessel  will  be  a  maximum. 

2b2 
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the  entire  surface  immersed  in  the  water,  and  the  resistance  occasioned 
by  the  rising  of  the  water  at  the  bow  and  its  depression  at  the  stem  of  tlie 
vessd.  The  question  requiring  to  be  solved  is,  how  to  reduce  to  a  mini- 
mum these  several  obstacles  to  a  vessel's  passage  through  the  water :  in 
order  to  this^  it  is  necessary  that  the  elevation  and  depression  of  the  water, 
at  the  bow  and  stem  respectively,  should  be  as  small  as  possible ;  and  that 
the  form  of  the  body  should  be  such  as  to  impress  the  least  possible  motion 
on  the  least  possible  quantity  of  water^  in  passing  through  it.  All  this 
applies  to  a  vessel  whatever  be  her  means  of  propulsion.  But  there  is  a 
further  absorption  of  power  in  steam-vessels.  The  propeller  acts  in  a 
yielding  medium ;  and  as  the  fluid  yields  to  the  pressure  of  the  screw,  a 
quantity  of  water  is  thereby  displaced,  at  the  expense  of  a  further  amount 

With  the  same  vessel,  and  with  a  different  power  and  screw,  we  shall  have 


mA"p'  r 

Whence 

P'  /'  T^ 

Ptr^' 

Now,  if  /  - 

/', 

we 

shall  have 

w 


The  following  applications  of  the  formula  show  how  nearly  experiment  sgrees  with 
the  result  which  it  enunciates.  It  vriU  be  seen,  on  referring  to  the  Table,  tbat  the 
velocity  is  noted  in  feet  per  minute  ;  the  force  of  the  engines  lb  proportioned  to  the 
moments ;  and  the  moment  of  inertia  lb  assumed  to  be  the  same  for  the  two  screws  used 
in  the  same  ship,  the  diameters  being  nearly  or  quite  equal 

The  first  illustration  is  obtained  from  the  two  trials  of  speed  with  the  JJaxr"^ 
pitch  of  the  screw  having  been  altered.    Then 


^        /6 


659\«         17      X   854, 
'20^  i9-5    X   820* 


^    /659\9        .g,     ^17      X   854 


The  next  iUustration  is  taken  from  the  Termdffant*s  trials ;  here 

r«         /851\«         (17  „  2|)x  1124. 
r «  "   V964/  18   X    1533       * 

V969^  18  X    1383 

The  last  illustration  is  obtained  from  the  experiments  with  the  Flvmper;  here 

(4  ,.  6i)  X  148 


^  /753\«  (4  M_W 

r «    ■    \734/      ^    (5  „  7  ) 


X  139 


"•(1)'---!;t:?-™-- 
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of  power ;  and  the  friction  of  the  water  upon  the  surface  of  the  propeller 
absorbs  another  portion  of  the  power.  These  two  are  also  required  to  be 
reduced  to  a  minimum ;  and  inquiries  and  experiments  in  steam  naviga- 
tion, by  means  of  the  screw,  have  aimed  at  this  object.  Science  has  not 
determined  the  conditions  which  would  give  the  minimum  absorption  of 
power  by  the  working  of  the  screw ;  and  whilst  experience  has  realised  a 
considerable  measure  of  success,  it  has  failed  of  arriving  at  any  thing  nearer 
than  a  somewhat  uncertain  approximation. 

Experiment  ought,  therefore,  to  be  directed  to  a  determination  of  the 
conditions  individually.  Each  condition  should  be  defined,  experience 
having  shown  the  attainable  limit  of  excellence.  A  combination  of  such 
would  then  produce  what  is  sought  in  vain  in  the  endless  variety  of 
steamers,  having  scarcely  two  conditions  exactly  alike  in  any  two :  for  even 
if  excellence  is  attained,  it  is  excellence  without  a  defined  relation  of  cause 
and  effect,  generally.  But  until  the  relations  which  particular  causes  bear 
to  effects,  are  known,  the  building  of  steamers  must  remain,  to  no  incon- 
siderable extent,  a  matter  of  doubtful  experiment. 

Under  the  circumstances  which  have  hitherto  prevailed  in  the  use  of 
the  screw-propeller,  great  difficulties  have  existed  in  making  experiments. 
With  the  same  nominal  power  of  engines,  screws  of  dissimilar  conditions 
have  been  used;  the  vessels,  bearing  similar  engines  and  screws,  have 
been  commonly  dissimilar;  often  it  has  happened  that  they  have  met  the 
direct  resistance  with  considerable  inequality,  or  the  after  part,  affecting  the 
working  of  the  screw,  may  be  differently  formed  in  the  two  or  more  vessels. 
If  all  other  conditions  are  alike,  and  yet  the  pitch  of  the  screws  is  dif- 
ferent, in  relation  to  their  diameters,  the  actual  result  will  be  different ; 
the  pitch  of  the  screw  and  the  speed  of  the  engine  may  not  be  the  best 
suited  to  each  other;  and  the  best  result  cannot  in  that  case  be  obtained. 
It  has  been  observed  in  some  experiments,  that  whilst  a  greater  power 
has  been  exerted,  and  also  a  greater  speed  of  the  screw,  a  corresponding 
increase  in  the  speed  of  the  vessel  has  not  been  obtained.  But  the  same 
nominal,  or  even  the  same  actual  power  in  the  cylinder,  by  no  means 
implies  the  same  moment  of  power  employed  to  turn  the  screw  round, 
which  is  really  the  element  on  which  comparisons  should  be  based,  in  aim- 
ing to  determine  the  relative  efficiency  of  different  engines  constructed 
for  driving  the  screw-propeller. 

The  object  to  be  sought  in  screw  propulsion  is,  to  have  a  pressure  upon 
the  posterior  side  of  the  screw  at  any  required  speed  of  the  vessel,  equal 
to  the  resistance  which  the  vessel  has  to  overcome  at  that  speed.  The 
speed  of  the  vessel  will  not  exceed  the  limit  at  which  the  opposite  forces 
are  in  equilibrium ;  the  desiderata  are,  therefore,  the  conditions  of  equili- 
brium at  any  speed  that  is  required  for  the  vessel.  It  is  an  invariable 
fact,  that  if  the  form  of  the  after  body,  near  the  run,  presents  a  difficulty 
to  the  influx  of  the  water  at  the  part  in  which  the  screw  works,  the  pressure 
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on  the  screw  is  abated,  and  the  result  is  an  increase  of  slip,  in  a  propor- 
tion, which  has  not  yet  been  defined,  to  the  magnitude  of  that  difficulty. 
And,  on  the  contrary,  if  the  form  of  the  after  body  is  such  as  to  detennine 
the  free  influx  of  the  water  upon  the  posterior  face  of  the  screw,  in  the 
condition  in  which  it  is  caUed  a  following  current,  the  screw  may  appear  to 
have  no  slip,  and  even  to  propel  the  vessd  at  a  greater  speed  than  if  it 
were  working  in  a  solid  nut.  This  fact  was  observed  whilst  the  Archmeda 
was  under  experiment ;  and  was  at  that  time  referred  to  this  cause.  But 
it  has  since  been  the  habit  to  reason  on  the  screw  with  the  idea  of  its 
working  in  stUl  water.  With  that  idea,  the  alleged  fact  was  unaccount- 
able; and  the  readiest  way  to  dispose  of  the  question  was,  to  reject 
altogether,  on  the  assumption  of  inaccuracy,  the  statements  of  such  experi- 
ments as  were  said  to  have  shown  a  velocity  in  the  ship  greater  than  wss 
accounted  for  by  the  number  of  revolutions  which  the  screw  had  made. 
This  is  not,  however,  the  only  condition  which  magnifies  the  slip ;  if  the 
pitch  of  the  screw  is  too  great,  the  lateral  resistance  is  too  great  also,  and 
the  direct  resistance  being  then  too  small,  there  is  of  necessity  too  great  a 
slip.  When  excessive  slip  results  from  such  a  cause,  a  diminution  of  the 
pitch  of  the  screw  is  the  proper  remedy. 

Experience  has  therefore  shown,  that  there  is  a  condition  in  the  use  of  the 
screw  in  which  the  vessel  passes  over  a  distance  greater  than  the  number  of 
the  revolutions  multiplied  into  the  pitch  of  the  screw  would  show.  The  fact 
has  been  confirmed  in  both  the  Arrogant  and  the  Plumper.  The  experiment 
of  the  Arrogant  shows  that  when  she  was  going  8.26  knots  per  hour,  the 
speed  of  the  ship  was  greater  by  1.2  per  cent,  than  was  due  to  the  number 
of  revolutions  of  the  screw.  It  will  be  observed  also,  that  the  pitch  of  her 
screw  was  less  than  that  of  either  of  the  other  screws  of  the  same  diameter, 
its  angle  being  17^  7'  20^.  Again,  with  the  Plumper;  when  the  pitch  of 
the  screw  was  5  feet  7  inches,  and  its  angle  11^  29',  and  the  power  exerted 
by  the  engines  that  of  148  horses,  the  actual  speed  of  the  ship  was  7*387 
knots  an  hour,  being  greater  by  17'28  per  cent,  than  would  have  resulted 
from  the  same  number  of  revolutions  of  the  screw  in  a  solid  nut.  And 
when  the  pitch  of  the  screw  was  only  4  feet  6^  inches,  its  angle  being 
9^  28',  the  power  of  the  engines  exerted,  that  of  189  horses,  and  the  revo- 
lations  of  the  screw  increased  from  115  to  186}  per  minute,  the  speed  of 
the  ship  was  7*2  knots  per  hour,  the  excess  in  the  speed  of  the  ship  being 
at  the  rate  of  18*77  per  cent.  The  speed  of  the  ship  was,  however,  less  by 
about  one-fifth  of  a  knot  per  hour  with  the  smaller  pitch,  than  with  the 
greater  pitch.  It  appears  from  these  facts,  that  the  screw  with  the  lai^er 
pitch  was  the  better  one ;  for,  with  a  smaller  number  of  revolutions  of  the 
screw  by  21*25  in  a  minute,  the  speed  of  the  ship  was  greater. 

It  will  be  observed,  that  the  angle  of  the  Beynard^s  screw  is  very  nearly 
a  mean  between  the  angle  of  the  Arroganfs  screw  and  that  of  the  Phumpei'* 
best  screw.     And  further,  the  difierence  in  the  speed  of  the  Phtmper  and 
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Reynard,  in  relation  to  the  speed  of  their  screws  respectively^  was  26*14 
per  cent.  It  is  clear  that  the  screw  was  of  such  an  angle  that  it  was 
capable  of  taking  advantage  of  the  following  current.  But^  unlike  the 
two  others^  it  had  a  slip.  And  this  fact  indicates  that  the  form  of  the 
ship  is  not  adapted  to  the  relative  pitch  of  the  screw^  in  order  to  its  pro- 
ducing the  best  effect.  The  Reynard  has  a  finer  run  than  the  Plumper ; 
whence  it  appears  that  a  want  of  fineness  is  not  the  fault.  It  appears  also^ 
that  there  is  a  hmit  to  the  fineness  of  the  run^  which  cannot  be  exceeded 
without  disadvantage ;  if  it  is  so^  then  it  is  worth  some  care  to  ascertain^ 
for  future  guidance^  what  that  limit  is^  under  given  conditions  of  required 
speed. 

There  are  two  other  ships  on  the  list,  which  have  been  tried  with 
different  screws,  and  which  exhibit  results  that  are  not  unimportant.  The 
4j(i^  was  tried  with  a  screw  of  19  feet  6  inches  pitch,  whose  angle  was 
21^  12'  2(y;  the  power  exerted  was  that  of  854  horses,  producing  41*5 
revolutions  in  a  minute,  and  a  velocity  in  the  ship  of  6*46  knots  an  hour, 
with  a  slip  of  18*5  per  cent.  The  other  screw,  whose  pitch  was  17  feet 
11  inches,  and  angle  19^  87^  3(y,  was  of  the  same  diameter.  The  power 
exerted  was,  in  this  case,  less  by  thirty-four  horses,  the  revolutions  were 
increased  to  forty-eight,  and  the  speed  of  the  ship  to  7*06  knots  per  hour, 
the  slip  being  reduced  to  16*18  per  cent.  The  Termagant  does  not  supply 
so  unequivocal  an  experiment,  because  the  power  of  the  engines  was 
increased  to  a  considerable  extent  when  the  angle  of  the  screw  was  dimi- 
nished. The  effective  power  of  the  engines  being  that  of  1124  horses,  the 
revolutions  of  the  screw  sixty-six  in  a  minute,  its  angle  20^  17'  15",  the 
speed  of  the  ship  was  9.16  knots  per  hour,  with  a  slip  of  21.38  per  cent. ; 
and  when  the  power  was  increased  to  that  of  1333  horses,  the  revolutions 
to  seventy -three  in  a  minute,  and  the  angle  of  the  screw  reduced  to 
19^  27'  20',  the  speed  of  the  ship  was  increased  to  9*51  knots  an  hour,  with 
a  slip  of  22.78  per  cent.  Thus,  it  appears  that  the  power  was  increased  by 
eighteen  per  cent.,  the  number  of  revolutions  by  ten  per  cent.,  and  the 
speed  by  five  per  cent. ;  and  that  whilst  the  angle  of  the  screw  was  dimi- 
nished by  about  four  per  cent.,  the  slip  increased  by  six  per  cent., — an 
anomalous  result,  which  can  be  accounted  for  only  on  the  supposition  of 
an  error  in  either  making  or  noting  the  observations.  The  elements  in 
these  experiments  varied  too  much  to  admit  of  certain  inferences. 

The  following  Table  contains  all  the  experiments  that  I  have  been  able 
to  collect,  with  the  conditions  noted  in  sufficient  detail  for  any  thing  like 
a  satisfactory  inference.  And  it  might  be  wished,  that  the  power  stated 
to  have  been  employed  had  been  rather  the  moment  exerted  in  turning  the 
screw  round,  than  the  power  of  the  steam  in  the  cylinder.  Some  results 
which,  in  this  case,  might  be  arrived  at  by  comparison,  would  be  rather 
approximations  to  the  truth  than  certain  necessary  consequences  that 
must  follow  firom  the  actual  conditions  of  the  ships  and  of  their  machinery. 


376 


A    HISTORY    OF   NAVAL  ARCHITECTVKK. 


CO 

CO 


eo 


eo 

CO 


Ok 


o 

00 


o 

00 


CO  -^  -^ 


CI 


CO 
00 


00 


00 


^  -.         CO 


o» 

CO 


00 


M 

00 

•o 

CO 

00 

« 

00 

•o 

^ 

t>» 

CI 

M 

• 

CO 

<o 

^ 

"«r 

c* 

o> 

00 

— • 

CO 

• 

• 

00 

■ 

• 

• 

• 

• 

• 

CO 

• 

• 

• 

an 


00 


00 

o 
CO 


CO 

CI 


CO 

o 


00 

o 

CI 


01 

•^ 

CI 
CI 


•o 


Si   = 


00 


I 


o      %o 


i 


CO 


1^ 


00 


Ok 


c« 

CI 


c« 

CI 


d 

CO 


•ft 

o 

CI 


CI 


CI 

CI 


e    I    i 


^  00 

•o  -^ 

•  • 

00 


o> 


^        pm        CO 


CI 


00 
CO 

• 

CI 


00 

CI 
CI 


CI 


s 


c« 

eo 


00 
CM 


do 


00 

do 


8899X3 


I 


Ok 

O 
00 


o> 

00 


00 


CI 

CO 

00 


00 
00 


CI 


■ 

o 


Ok 

c« 

CI 


In,. 

o 

CI 


CI 


00 

<o 


CI 

00 


£* 

s 


Ok 


CI 


00 


00 


CO 
Ok 


Ok 

CO 


1ft 


CO 

•ft 


CO 


Jok 


Ok 
4>* 


•ft        00 


00        00 


00 

•ft 
•ft 


00 

•ft 
•ft 


•ft 


•ft 

CI 


«lOk 

^Ift 


•ft 


o 

(O 

CO 


•ft 


•ft 


00 
CO 

eo 


•ft 


CO 

•ft 


00 
CO 


•ft 

• 


o 
•ft 


CO 
CO 


aift 
^00 


CI 

00 


•ft 

CI 

00 


CI 

00 
CO 


CI 


CO 
CO 
CO 


•ft 

o 

00 


•ft 

CI 

CI 


CI 

CO 


00 


Ok 
CO 


CO 

•ft 


CO 


III 


•ft 


00 


CO 


•ft 

•ft 
•ft 


CO 
CO 


CO 


00 

CO 


CO 

•ft 


CO 
In,. 
CI 

• 

00 
CO 


•ft 


Ift 


•ft 

CI 

CO 

CO 


d 


IS 

9 


9 

i 


0« 


*ci 

nCI 


CO 
CO 


CI 


CI 


•ft 

In,. 


•ft 


•ft 


^        CI        — •        i-i 


d 


CI 

Cl 


CI 
CI 


.-•       Ok       rM 


'd      — 


d 


—      d 


Ok  -^  r-i 


—        d 


d 


•ft 

Ok 


d 
d 


Ok 
d 


CO 

d 


^       Ok 


CO 


"-00 


CO 


00 


^      ^      ^      ^ 


CO 

Ok 


00 


00 


In. 


CO 
•ft 


•ft 
d 


CO 

»ft 
d 


CO 

Ok 
d 


i» 

JU 

o 

o 

o 

d 

o 

o 

r^ 

t>. 

CO 

CO 

^  A 

tN,. 

o 
d 

•ft 

00 

l>* 

00 

00 

•ft 

•ft 

^ 

t^ 

• 

«»♦ 

•-« 

go   O   O   CO   CO   CO   00   00 
•  ^    CO    CO    kft    Ift    Ift    ^    ^ 


d 


Ok   Ok   ^ 


00   00   00 


s 

s 

OB 


09 

M 

< 


< 


S 

a 


d 

t 


I 


0) 

m 

■*.» 
O 

o 
Q 


0 
P 

O 

0 


o 


'2 

s 

0 


RESULTS   OP    EXPERIMENTS    ON    MODELS.  377 

So  far^  actual  experience  in  steam  navigation  enabled  ns  to  go.  It 
indicated  the  probability  of  advantage  in  the  use  of  screws  of  smaller 
pitch  than  those  which  have  been  generally  used ;  but  it  left  much  to  be 
determined  before  a  general  law  could  be  deduced  for  the  construction  of 
the  screw^  with  reference  to  the  effect  it  should  produce.  Neither  the 
royal  navy  nor  the  mercantile  service  proffered  the  information  from  which 
a  law  might  be  deduced;  it  was  then  necessary  to  seek  this  at  another 
source. 

Several  series  of  experiments  have  therefore  been  made  on  a  model, 
under  the  author's  direction,  to  determine  the  relative  effects  of  screws, 
varying  in  their  angles  from  8°  27'  to  21°  57'  37".  There  were  thirteen 
screws,  constructed  on  a  scale  in  a  definite  relation  to  a  screw  of  fifteen 
feet  in  diameter.  These  screws  were  used  to  propel  a  model  of  a  ship 
made  upon  the  same  scale  in  relation  to  a  ship.  The  experiments  were 
made  in  a  long  trough.  The  moving  power  in  the  model  was  a  strong 
and  accurate  spring,  the  moment  of  whose  power  is  expressed  in  the 
Tables.  The  first  screw  was  the  model  of  one  whose  pitch  was  seven  feet; 
and  the  increase  in  the  pitch  of  each  screw,  following  consecutively  in  the 
series,  represented  one  foot  on  the  full  scale.  In  each  of  the  series  of 
experiments,  from  the  first  to  the  third,  all  the  elements  were  constant 
except  the  pitch  and  the  length  of  the  screw ;  the  alteration  in  the  angle 
of  the  screws,  resulting  simply  from  the  alteration  in  the  pitch,  is  not  an 
additional  but  a  concomitant  variation.  It  is  shown  in  the  Tables  of  ex- 
periments, that,  except  in  the  sixth,  seventh,  and  eighth  series^  the  area  of 
the  blades  of  the  screws  was  kept  constant ;  for  this  purpose  the  screws 
were  of  different  lengths.  The  variations  in  the  conditions  under  which 
the  experiments  were  made,  were  thus  reduced  to  the  smallest  possible 
niunber, — ^in  the  first  instance  to  two,  and  subsequently  to  one.  The  num- 
ber of  revolutions  made  by  the  screw  in  each  experiment  was  216 ;  each 
experiment  was  repeated  several  times,  and  the  mean  of  these  was  recorded. 
Looking  at  the  first  series  of  experiments,  it  is  seen  that  the  speed  of  the 
vessel  increased  from  the  first  up  to  the  third,  and  then  it  decreased  progres- 
sively through  the  remainder  of  the  series.  It  is  shown  also,  that  the  slip 
is  smallest  with  the  smallness  of  the  angle ;  but  from  the  first  screw  to 
the  third,  the  increase  is  relatively  smaller  than  the  increase  of  its  speed ; 
hence  it  became  more  effective  up  to  the  limit  of  an  angle  of  10°  57'. 
From  this  Umit  to  the  end  of  the  series,  the  effective  power  of  the  screw 
diminished  progressively.  Hence  it  appears  that  a  screw,  whose  pitch  is 
in  such  a  relation  to  the  diameter,  that  the  angle  of  its  blade  is  about  11% 
is  the  most  effective  in  its  operation,  subject  to  all  the  conditions  which 
were  included  in  the  experim^oits.  The  second  and  third  series  of  experi- 
ments show  similar  results,  when  the  draught  of  water  was  successively 
increased;  and  thus  tend  to  the  establishment  of  the  inference  to  which  the 
first  series  led. 
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FIRST  SERIES. 


Screw  :  3*75  inches  io  diameter, 
aad  4'4l  indie*  weft  of  the  bledee. 


Pitch. 


Ang^le. 


Ins. 
175 

1-90 

2-30 

2-39 

2-81 

3-00 

325 

3-60 

375 

4-00 

4'25 

4-50 

4-75 


175 
1-90 
2-30 
2-39 
281 
300 
3-25 
3'60 
3-76 
400 
4-25 
4-50 
475 


1-75 
190 
2-30 
2-39 
2-81 
300 
3-25 
350 
375 
4-00 
4  25 
4-60 
4-75 


8  27  0 

9  25  0 

10  57  0 

II  45  0 

13  15  0 

14  17  15 

15  25  25 

16  32  50 

17  39  29 

18  45  20 

19  50  18 

20  54  25 

21  57  37 


8  27  0 

9  25  0 

10  57  0 

11  45  0 

13  15  0 

14  17  15 

15  25  25 

16  32  50 

17  39  29 

18  45  20 

19  50  18 

20  51  25 

21  57  37 


8  27  0 

9  25  0 

10  57  0 

11  45  0 

13  15  0 

14  17  15 

15  25  25 

16  32  50 

17  39  29 

18  45  20 

19  50  18 

20  54  25 

21  57  37 


RerolatioDt 
per  minute. 


hi 


^  0  a 


Space  moved 

oTcr  in  one  rero- 

lution  of  Screw. 


Veaael. 


317 
306 

260 
255 
222 
214 
195 
183 
172 
162 
155 
150 
143 


288 

277 
234 
228 
201 
191 
180 
165 
151 
143 

137 
130 
124 


21* 


n 
9$ 

91 

ft 
n 
n 
n 
n 
n 
n 


foot. 
•119 
•127 
•153 

•150 

•170 

•176 
•184 
•196 
•203 
•205 

•207 
•213 
•220 


speed  in  feet 
per  minnte. 


Screw. 


foot. 

•145 

•158 

•192 

•199 

•234 

•250 

•270 

■291 

•312 

•333 

•354 

•375 

•397 


37-7^ 

38-86 

39-78 
38-25 
3774 
3766 
35-88 
35-86 
34-91 
33-21 
3208 
31-95 
31461 


46-23 
48-45 
49-83 
50-78 
51-98 
63-50 
62-81 
53-37 
5375 
54-00 
54-90 
56-25 
56-60 


SUp 
per 
cent. 


Veead. 


of  the 
greateat 
tranaveiae 
aection. 


Wci^tin 
poaoda 


18-41 
19-79 
20-17 
24-67 
27-53 
29-60 
32-06 
32-81 
3505 
38-60 
41-66 
43-20 
44-41 


aq.  inches. 

26-3 


23-78125 


SECOND  SERIES. 


THIRD  SERIES. 


21 
» 

n 
n 
99 
» 
n 
n 

V 

n 

n 


-094 
•102 
•122 
-120 
-136 
•138 
•146 
-151 
•168 
•160 
-163 
-166 
•174 


•145 
•158 
•192 
•199 
•234 
•260 
•270 
•291 
•312 
•333 
•354 
•375 
•397 


27-07 
28-25 
28-64 
2736 
2733 
26-35 
26-28 
24-91 
23-85 
22-88 
22-33 
21-68 
21-67 


42-00 
4386 
44-86 
46-41 
4707 
4776 
48-75 
48-12 
47I8 
47-66 
48-52 
48-76 
4908 


35-54 
35-59 
36-36 
39-74 
41-93 
47-82 
4609 
48-23 
49-44 
51-99 

53-97 
55-73 
56-05 


n 
n 

» 

n 
n 
n 
» 
n 


361 


99 

99 
99 

99 
9> 
99 
99 
99 
91 
99 
99 
99 


310 

21 

-101 

•145 

31-31 

45-20130-74 

33-5 

300 

99 

-109 

•168 

32-72 

47-97 

3111 

99 

255 

;; 

-132 

•192 

33-66 

48-87131-16 

99 

250 

99 

•128 

•199 

3200 

49-79 

35-73 

99 

2J2 

}i 

•148 

•234 

31-37 

49-64 

36-80 

99 

204 

99 

•149 

•250 

30-39 

51-00 

40-41 

99 

190 

y» 

•156 

-270 

29-64 

51-45 

42-39 

99 

168 

99 

•157 

-291 

26-37 

49-00 

4618 

99 

156 

99 

•160 

-312 

24  96 

48-75 

48-80 

99 

146 

99 

•166 

•333 

24-23 

48-66 

60-20 

99 

140 

99 

-169 

•354 

23-66 

49-58 

52^27 

99 

136 

}9 

•171 

•375 

23-26 

61-00 

64-41 

99 

1      130 

99 

•176 

•397 

22-88 

51-41 

65-49 

99 

28-71875 


99 

>9 

99 
n 
99 
99 
99 
99 
99 
99 
99 


134-09375 


99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

» 

99 

9* 

99 

99 

99 

91 

The  fourth  and  fifth  series  of  experiments  included  only  two  screws^ 
which  were  tried  under  different  conditions  of  the  motive  power^  and  of 
the  draught  of  water.  The  results  of  the  alterations  will  be  seen  by  com- 
paring those  two  series  with  the  first  and  third  series  of  experiments :  the 
same  screw  still  produced  the  best  effects. 


*  Tills  gave  a  moment  of  -00117 ;  the  unit)  of  a  moment  being  one  pound  avoirdupois 
acting  at  a  distance  of  one  foot. 
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FOURTH  SERIES. 


Screw :  8'75  inclie*  in  diuneto*, 
and  4*41  inekei  area  of  the  blades. 


Pitch. 


Angle. 


Rerolntiona 
per  minute. 


1-1 


Space  moved 
over  in  one  revo- 
lution of  Screw. 


VeaMl. 


Screw. 


Speed  in  feet 
per  minute. 


Veasel. 


screw. 


SUp 
per 
cent. 


Vestel. 


Area  of  the 
greateAt 

tramverM 
•eetion. 


Weight  IB 

pounde 
avoirdupois. 


Ins. 

O           /           tf 

2-30 

10  67    0 

3-50 

16  32  50 

230 

10  67    0 

3-60 

16  32  60 

216 
144 
212 
141 


18 

n 

w 


foot. 

foot. 

•148 

•192 

31-96 

•200 

•291 

28-80 

•114 

•192 

24-16 

•142 

•291 

20^02 

41*40 
4200 
40^64 
4112 


22-80 
3^42 
40-62 
5r31 


■q.  incfaea. 

26-3 
361 

J9 


23-78126 


» 


34-09376 


n 


FIFTH  SERIES. 


2-30 
3-60 
2-30 
3-60 


10  67  0 
16  32  60 
10  67  0 
16  32  60 


206 
133 
202 
129 


16 

n 


146 
196 
112 
137 


•192 
•290 
•192 
•291 


3036 
26-00 
22-62 
17-67 


39-87 
38-79 
38-71 
37-62 


23-85 

32-97 
41-56 

64'47 


26-3 

>» 
36^1 


23-78126 


»> 


J4-09376 


» 


Hitherto  the  screws  have  differed  in  lengthy  that  the  area  of  the  blades 
might  be  a  rmiform  element  throughout  the  series.  But  the  length  of  a 
screw  in  relation  to  its  pitch  had  been  found  of  considerable  importance  in 
the  experiments  made  with  the  Rattler.  In  the  screw  which  produced  the 
best  effect  in  the  Rattler,  as  to  both  the  speed  of  the  vessel  and  the  small- 
ness  of  the  slip^  the  length  was  only  *1136  of  the  pitch ;  whilst  the  length 
of  the  screw^  which  was  found  in  the  experimental  series  to  produce  the 
best  effect^  was  '164  of  its  pitch.  But  it  is  dear  that  the  Rattler's  screw 
had  too  great  a  pitch  in  relation  to  its  diameter  to  produce  the  best  effect ; 
its  diameter  was  only  "909  of  its  pitch,  giving  an  angle  of  19°  18'  15" ; 
whilst  the  diameter  of  the  best  screw  in  the  experimental  series  was  1*629 
of  the  pitchy  giving  an  angle  of  10°  57^.  Since  the  principal  elements  of 
the  Rattler's  screw  were  not  justly  proportioned  to  each  other,  it  cannot 
be  inferred  from  the  conditions  which  it  presented  that  the  relation  of  its 
pitch  to  its  length  is  the  best  for  a  screw  of  the  right  construction.  But, 
as  it  was  important  to  establish  this  relation,  seven  screws  were  brought 
to  a  uniform  length,  and  three  further  series  of  experiments  were  made  with 
them,  under  conditions  corresponding  with  those  of  the  first,  second,  and 
third  series.  The  results  of  these  new  experiments  are  shown  in  the  sixth, 
seventh,  and  eighth  series ;  and  it  will  be  seen,  by  reference  to  the  Table, 
that  the  screw  whose  angle  was  10°  57',  was  made  the  basis  of  the  series, 
the  length  of  the  others  having  been  reduced  to  conform  to  it.  In  a  com- 
parison of  the  corresponding  experiments  in  the  first,  second,  and  third 
series,  and  in  the  sixth,  seventh,  and  eighth  series,  it  will  be  seen  that, 
with  the  diminished  surface  of  the  blades,  the  speed  of  the  screws  increased 
in  every  experiment ;  the  slip  increased  also.  A  further  comparison  of  the 
second  and  third  series  with  the  seventh  and  eighth,  shows  also  tliat,  in 
some  of  the  experiments  in  which  the  pitch  of  the  screws  was  relatively 
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large,  the  result  of  dlminialiuig  their  length  was  a  greater  absolute  Telocity 
ia  the  vessel,  notwithstanding  the  increase  of  slip.  But  the  great  letatioD 
of  the  slip  of  the  screw  to  the  speed  of  the  vessel,  is  such  as  to  show  that 
the  power  expended  in  producing  the  result,  is  much  greater  than  that 
which  produces  an  equal  result  with  screws  of  smaller  angle ;  any  further 
extension  of  the  inquiry  in  this  direction  would  be  rather  wandering  boui 
the  required  point  of  truth  than  an  approximation  to  it. 

SIXTH  SERIEa 


.^^^u^.            Ill 

! 

niA. 

I 

V 

' ,  J  ' 

foot. 

foot.                   1                1 

«).  incha 

2-30 

lOfi?    0 

4'4I 

260 

21 

.153 

■192  39  78 

4983 

2017 

26-3 

23-78125 

2-39 

11  45    0 

401 

270 

■132 

■199  35  64 

63-77 

33-72 

281 

13  15    0 

363 

250 

■141 

■234   3525 

58-54 

39-78 

325 

16  25  25 

3-30 

235 

■143 

■270  33-60 

63-64 

47-20 

3-75 

17  39  29 

305 

217 

■161 

■312  32  76 

67-81 

61-68 

"^ 

j_ 

4-2S 

19  50  19 

2-86 

185 

■168 

354  31-08 

C560 

52-54 

475 

21  57  37 

2-69 

,« 

'• 

■173 

■397  2768 

63-30 

56-27 

" 

•■ 

SEVENTH  SERIEa                                                    ] 

2-30 

10  67    0 

441  1  265 

21 

■132 

■192 

3366 

48-87 

31141    33-5 

28-71875 

2-39 

11  45    0 

4-01 

266 

■116 

■199 

3059 

52-98 

4226 

2-81 

13  [5    0 

3-63 

246 

■118 

■234 

28-91 

57-37 

49-60 

3-25 

15  26  25 

3-30 

229 

■120 

■2/0 

27-48 

62-0-2 

56-69 

375 

17  39  29 

3-05 

209 

■127 

'312 

26  54 

66-31 

5936 

4-26 

19  60  18 

2-86 

180 

.-138 

■354 

2484 

63-76 

61-03 

4-76 

21  5/  37 

2-69 

166 

" 

■147 

■397 

2293 

61-75 

62-85 

" 

" 

EIQHTH  SERIES.                                                      | 

2-30 

10  67    0 

4-41 

234 

21 

■122 

■192 

28-51 

44-85 

36-36 

36-1 

34-09375 

2'39 

U  46    0 

4fll 

255 

•103 

■199 

26  26 

50-87 

48-28 

2-81 

13  15    0 

3-63 

239 

■108 

■234 

25-81 

55-96 

53-87 

3-25 

16  25  25 

3-30 

220 

■111 

■270 

24-42 

59-58 

S9«l 

375 

17  39  29 

3-06 

206 

,1 

■117 

■312 

2410 

64-37 

62-56 

,1 

,, 

4-25 

19  50  18 

286 

180 

■128 

354 

23-<M 

63-75 

63-85 

475 

21  57  37 

2-69 

152 

»      -132 

■397 

20-06 

6016  66-66 

" 

" 

The  ninth  series  of  experiments  was  made  to  determine  the  effecta  of 
powers  acting  directly  to  pull  the  vessel  through  the  water.  They  are 
sufficiently  defined  and  reported  in  the  Table  to  obviate  the  need  of  far- 
ther explanation. 

The  tenth  series  included  the  two  powers  whose  effects  had  been  already 
determined  separately.  The  object  of  making  them  was  to  ascertain  whe- 
ther a  screw,  whose  form  is  the  most  effective  alone,  is  also  the  most  effec- 
tive in  combination  with  another  means  of  propulsion, — a  condition  found 
io  experience  whenever  the  screw  is  employed  as  an  auxiliary  propeller. 
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NINTH  SERIES. 


MoTing  power  acting 

directly  by  means  of  a 

cord  passing  oyer  a 

pulley. 

Space  moved 

over  in  one 

minute. 

Vessel. 

Area  of  the 
greatest  trans- 
verse section. 

Weight  in 

pounds 
avoirdupois. 

1  lb.  ayoirdapois. 

2 

4 

1 
2 

4 

feet. 
36-84 
55-50 
82-80 
33-54 
4303 
67-20 

Square  inches. 
26-3 

» 

99 

36-1 
» 

23-78125 
34-09375 

TENTH  SERIES. 


Screw  :  3*75  inches  in  diame. 

ter,  aad  4*41  inches,  area 

of  the  blades. 


Pitch. 


Angle. 


ReTolu- 
tions  ^ 
minute. 


8 

I 


space  moved 

over  in  one  rero^ 

lution  of  Screw. 


Vessel. !  Screw. 


Speed  in  feet 
per  minute. 


Vessel. 


Screw. 


Ins. 

2-30 
3-00 
3-75 
4-76 
2-30 
3-00 
3-76 
4-76 
2-30 
300 
3-67 
475 
2-30 
3-00 
3-76 
4-75 
2-30 
3-00 
3-75 
4-75 
2-30 
300 
3-76 
4-75 


// 


10  67  0 
14  17  16 
17  39  29 
21  67  37 
10  67  0 
14  17  16 
17  39  29 
21  67  37 
10  67  0 
14  17  16 
17  39  29 
21  67  37 
10  67  0 
14  17  16 
17  39  29 
21  67  37 
10  67  0 
14  17  16 
17  39  29 
21  67  37 
10  67  0 
14  17  16 
17  39  29 
21  67  37 


foot. 

foot. 

308 

• 

-194 

•192 

69-76 

69-03 

264 

0 

•206 

•260 

6202 

63-60 

202 

-264 

•312 

61-32 

6312 

162 

•294 

•397 

47-62 

6412 

290 

("§ 

•146 

•192 

42-34 

66-68 

236 

s 

•178 

•260 

42-00 

6900 

180 

£ 

•231 

•312 

41-68 

66-26 

162 

J  ^ 

•247 

•397 

37'64 

6016 

324 

1  ^ 

•214 

•192 

69-33 

6210 

281 

a 

•260 

•260 

70-26 

70^26 

241 

•314 

•312 

76-67 

75-31 

210 

Lw 

•400 

•397 

84-00 

8312 

296 

0 

•177 

•192 

52-39 

56-73 

264 

• 

•235 

•260 

5969 

84-66 

220 

i 

•274 

•312 

60-28 

68-76 

185 

-^  <N 

•342 

•397 

63-27 

73-23 

381 

1    • 

•237 

•192 

90-30 

73-02 
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It  appears,  from  these  experiments,  that  when  the  power  employed 
supplementary  to  the  screw  was  relatively  small,  the  screw  which  had  been 
the  most  effective  alone,  was  still  the  best,  at  each  draught  of  water ;  but 
when  that  supplementary  power  was  increased,  the  same  screw  no  longer 
produced  the  best  effect.    The  screw  of  21*^  5T  87"  was  the  best  with  each 
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of  these  greater  supplementary  powers,  and  at  each  draught  of  water.  It 
appears  from  the  several  results  exhibited  by  these  experiments^  and  by 
those  in  the  first  and  third  series,  that  when  a  screw  of  the  right  constmc- 
tion  is  used  in  connection  with  another  power^  such  as  sail^  the  additional 
speed  obtained  by  means  of  the  other  power^  ought  to  be  at  least  equal  to 
the  sUp  to  which  the  screw  would  have  been  subject  if  it  had  been  working 
alone. 

Upon  a  cursory  inspection  of  some  of  these  experiments,  it  appears  that 
the  pressure  of  the  water  was  on  the  anterior  fiice  of  the  blades  of  the 
screw,  since  the  speed  of  the  vessel  was  in  excess  of  that  due  to  the  revo- 
lutions of  the  screw;  and  that  therefore  the  screw  must  have  retarded 
rather  than  increased  the  speed  of  the  vessel.  In  one  experiment  the  speed 
of  the  vessel  was  precisely  the  same  as  that  due  to  the  revolutions  of  the 
screw ;  and  hence,  if  it  had  been  working  in  still  water,  there  would  have 
been  no  pressure  on  either  side  of  the  blades,  and  no  effect  could  have 
been  produced  by  it  upon  the  speed  of  the  vessel :  the  screw  would  have 
been  working  on  the  surface  of  vanishing  pressure.*  But  whilst  the  screws 
were  working  in  those  two  conditions,  the  vessel  had  a  velocity  considerably 
greater  than  that  which  was  due  to  the  weight  that  was  acting  conjointly 
with  the  screw.  The  screw  was,  therefore,  increasing  the  speed  of  the 
vesseL  Hence,  the  pressure  must  have  been  on  the  posterior  &ce  of  the 
blades ;  and  that  pressure  must  have  been  produced  by  the  flowing  in  of 
the  water  at  the  stem  of  the  vessel  to  fill  up  the  void  space  which  the 
motion  of  the  vessel  was  making. 

Experience,  gained  in  actual  service,  agrees'with  that  which  has  been  here 
detailed.  The  Encounter,  in  the  experimental  squadron,  was  subjected  to 
a  trial  in  which  the  power  of  the  screw,  added  to  that  of  the  wind  on  the 
sails,  increased  the  speed  of  the  ship  by  about  forty  per  cent.  The  ship^ 
under  sail,  was  going  at  9'5  knots,  and  the  steam  being  then  got  up,  the 
speed  of  the  engines  produced  seventy-seven  revolutions  of  the  screw  in  a 
minute,  and  increased  the  speed  of  the  ship  to  13*287  knots  an  hour: 
hence,  the  speed  of  the  ship  was  greater  than  that  due  to  the  number  of 
revolutions  of  the  screw  by  12*45  per  cent.  It  will  be  observed,  on 
referring  to  the  table  (p.  376),  that  the  angle  of  the  Encounter^s  screw  is 
more  than  22^,  being,  as  it  appears  by  other  experiments,  better  suited  to 
service  of  that  description  than  to  be  used  without  sail. 

The  several  series  of  experiments  in  which  the  most  general  comparison 
of  screws  was  made,  show  that  the  least  relative  pitch  gives  the  least  relative 
slip.  But  as  the  number  of  revolutions  of  the  screw  must  be  increased  to 
compensate  for  the  smallness  of  the  pitch,  the  friction  of  both  the  machi- 
nery and  the  screw  is  increased  by  diminishing  the  pitch,  or  the  angle  of 

*  See  Bawson^g  '<  Screw  Propeller,"  for  an  exposition  of  the  surfiMe  of  vsnishing 
pressure. 
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the  blades.  It  is  important^  therefore,  to  determine  the  condition,  in  actual 
service,  in  which  the  angle  of  the  screw,  whilst  not  admitting  of  the  least 
amount  of  slip,  shall  yet  produce  the  best  result.  Such  a  condition  is 
indicated  in  these  experiments, — ^the  more  certainly,  as,  at  the  several 
draughts  of  water,  the  same  screw,  acting  alone,  always  produced  the  best 
effect. 

The  Tables  of  experiments  show  that  the  pitch  of  the  first  six  screws 
does  not  increase  by  a  uniform  quantity.  This  irregularity  was  owing  to 
a  want  of  exactness  in  casting  four  of  them.  Until  after  the  experiments 
had  been  made,  the  inaccuracy  of  the  screws  was  not  detected ;  but,  in 
examining  and  comparing  the  results  of  several  series  of  experiments,  irre- 
gularities of  similar  character  were  traced  in  the  performances,  for  which 
the  data  did  not  account.  The  screws  were  then  carefully  measured,  and 
the  results  of  the  experiments  were  revised  upon  the  basis  of  the  exact 
dimensions  of  the  screws.  The  results  then  showed  a  consecutive  increase 
of  sUp  from  the  screw  of  the  smallest  pitch  to  that  of  the  lai^est,  and  a 
general  regularity  in  the  variations  of  speed ;  that  is,  an  order  very  near 
to  an  exact  gradation  in  the  increase  of  the  speed  of  the  vessel  from  the 
first  screw  to  the  third,  and  then  a  diminution  from  that  limit  to  the  end 
of  the  series.  An  exact  uniformity  does  not  prevail ;  and  it  is  probable 
that  minute  discrepancies  which  may  be  found  would  have  been  avoided, 
if  the  times  could  have  been  noted  at  less  intervals  than  seconds.  The 
results  are,  however,  sufficiently  exact  to  indicate  a  general  law  under 
which  variation  takes  place. 

Plate  47  represents  the  construction  of  the  screw-propeller.  Fig.  1  d 
is  the  projection  of  a  cylinder  on  a  plane,  of  which  a  i  is  the  diameter, 
a  d  the  height,  and  a  e  b  half  the  circumference.  The  diameter  and  the 
height  of  the  cylinder  are  here  the  same.  The  vertical  Hues  are  deter- 
mined at  equal  distances  apart  on  the  circumference,  aeb,\  and  the 
transverse  lines,  corresponding  to  semi-circles  upon  the  cylinder,  are  at 
equal  distances  apart,  and  are  double  the  number  of  vertical  lines,  or  they 
agree  with  the  entire  number  that  would  be  drawn  upon  a  cyhnder.  The 
curve,  aid,  is  a  line  of  sines,  being  the  projection  of  a  helix  upon  a 
plane.  Fig.  1  jB  is  the  development  upon  a  plane  of  the  part  of  the 
cylinder  out  of  which  the  screw  is  cut,  a  d  being  the  height  of  the  helix  or 
the  pitch  of  the  screw,  c  d  its  circumference,  a  c  the  line  corresponding  to 
the  helical  line,  a  c  d  the  angle  of  the  screw, — and  the  vertical  lines 
corresponding  to  the  vertical  lines  on  fig.  1  A.  Fig.  1  C  is  an  end  view  of 
a  screw-propeller,  consisting  of  one  complete  turn  of  the  blade  upon  the  axis. 

Fig.  2  ^  is  the  same  as  fig.  1  A,  except  that,  having  two  helices 
described,  it  is  intended  for  a  double-threaded  screw.  Fig.  2  £  is  the 
projection  of  this  screw,  each  blade  consisting  of  a  small  section  of  the 
entire  blade;  fig.  2  C  is  an  end  view  of  a  tw«-threaded  screw,  each  blade 
consisting  of  half  a  turn  on  its  axis. 
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Fig.  3  ^  is  the  delineation  projected  for  a  three-threaded  screw ;  fig. 

3  J3  is  a  projection  of  a  screw  with  three  blades;  and  fig.  3  C  is  a  pro- 
jection of  the  same  form  of  screw,  the  blades  making  together  a  complete 
turn  on  the  axis. 

Fig.  4  ^  is  the  delineation  projected  for  a  screw  with  four  blades :  fig. 

4  J3  is  a  projection  of  a  four-threaded  screw ;  and  fig.  4  C  represents  the 
same  form  of  screw,  making  altogether  a  complete  turn  on  the  axis. 

The  steam  navy  of  France  began  to  be  formed,  like  that  of  England, 
apparenUy  with  very  different  objects  from  those  with  which  it  has  been 
more  recently  in  the  course  of  development.  Of  the  nine  steam-vessels 
which  were  included  in  the  French  Navy  on  the  1st  January,  1829,  it  does 
not  appear  that  any  remain  at  the  present  time.  None  of  their  present 
steam- vessels  was  launched  before  the  year  1830 ;  P Ardent,  of  IGO-horse 
power,  is  the  oldest,  having  been  launched  in  May  1830.  She  underwent 
a  thorough  repair  in  1841.  From  1830  till  1837,  most  of  the  French 
steamers  were  built  for  engines  of  160-horse  power,— of  some  the  power 
was  not  so  great ;  they  were  of  the  class  called  avisos,  or  despatch  vessels. 
Together  with  vessels  of  the  same  class  and  power,  others  of  the  same  class, 
but  of  larger  dimensions  and  greater  power,  were  built  in  1838  and  the 
two  following  years.  Amongst  other  steam-vessels  launched  in  France  in 
1841,  were  two  steam-frigates,  constructed  by  M.  Hubert,  of  450-horse 
power,  of  large  capacity^  having  a  displacement  of  2696  tons.  In  1842  the 
number  of  steamers  launched  was  a  Uttle  increased,  much  more  so  was  it 
in  1843 — ^including  frigates,  corvettes,  and  despatch  vessels.  The  general 
plan  of  their  steam  navy  may  be  regarded  as  having  been  then  formed, 
as  it  included  a  considerable  number  of  ships  which  had  been  built  and 
armed  expressly  for  the  operations  of  war,  as  well  as  vessels  of  lighter 
construction  for  services  requiring  greater  speed :  for  although  some  ships 
of  larger  dimensions  have  been  more  recently  added  to  the  French  steam 
navy,  these  are  rather  exceptions  than  otherwise.  It  might  be  expected 
that,  from  this  stage  of  development,  many  things  would  be  suggested  in 
the  course  of  experience,  for  extending  and  perfecting  that  power.  The 
same  emulation  which  prevailed  in  the  councils  of  France,  determining 
the  formation  of  a  navy  of  sailing  ships,  in  the  latter  part  of  the  seventeenth 
century,  has  prevailed  in  the  nineteenth :  hence,  the  construction  of  a 
steam  navy.  And  it  may  be  affirmed  that  emulation  has  all  along  been 
the  one  ruling  principle  in  states,  regarding  the  formation  of  naval  power. 
The  list  of  French  steam  ships  and  vessels,  inserted  at  the  end,  will  show 
more  fully,  and  in  detail,  the  progress  which  has  been  made  in  providing 
for  the  carrying  on  of  naval  warfare.  It  will  be  seen  also  that  the  greatest 
efforts  of  France  and  of  England  were  made  about  the  same  time,  to 
multiply  the  number  and  magnify  the  power  of  their  respective  steam- 
ships. Each  nation  was  so  especially  the  object  of  the  other  in  this 
respect,  that  any  effort  made  to  increase  the  steam  navy  of  one  state. 
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appeared  to  the  eyes  of  the  other  an  act  of  rivalry^  and  led  to  corresponding 
effort :  thus^  progress  in  the  formation  of  the  steam  navies  of  England  and 
France  has  been  very  similar.  In  England^  the  usage  of  the  service  has 
been  to  obtain  all  marine  engines  from  private  engineers^  under  contracts. 
The  same  plan^  it  appears,  was  tried  in  France^  but  without  giving  satis- 
faction ;  hence,  there  are  now  steam  factories,  for  the  construction,  as  well 
as  repair^  of  engines,  at  the  principal  naval  arsenals  of  that  country. 

On  Iron  Ship-building. 

The  suitableness  of  iron  as  a  material  for  ship-building,  and  the  rapid 
increase,  recently,  of  its  application  to  this  purpose,  merit  some  notice. 
The  history  of  iron  vessels  lies  within  the  limit  of  one's  memory ;  and  the 
gradual  development  of  their  capabilities  and  advantages  may  be  traced 
back  only  to  a  very  few  years. 

Iron  boats  were  first  built  for  the  navigation  of  canals ;  and  the  origin 
of  them  belongs,  by  general  consent,  to  about  the  beginning  of  this  century. 
A  considerable  period  elapsed  before  any  more  important  use  was  made  of 
them ;  for,  though  iron  vessels  were  used  as  steamers,  before  they  were  used 
with  sail-power,  it  was  not  till  1821  that  a  steam-engine  was  employed  as 
the  motive  power  to  an  iron  vessel.  The  first  iron  vessel  in  which  steam- 
machinery  was  employed  was  the  Aaron  Manby,  constructed  by  a  company 
formed  at  Horsley,  by  Messrs.  Manby  and  Napier,  now  rear-admiral  sir 
Charles  Napier.  The  parts  of  this  vessel  were  sent  to  London,  where  they 
were  put  together.  She  was  then  sent  to  France,  under  the  command  of 
captain  Napier.  Another  iron  steam-vessel  was  constructed  some  time 
afterwards  by  Mr.  Manby,  intended  for  the  navigation  of  the  Seine ;  but 
in  consequence  of  a  prohibitory  law  in  France  regarding  foreign  vessels,. 
the  parts  were  sent  to  France,  and  put  together  at  Charenton.  Mr.  Manby 
built  two  others  there,  for  the  navigation  of  the  same  river.  The  building 
of  iron  vessels  was  now  soon  commenced  by  an  engineer  at  Paris,  for  the 
navigation  of  the  Seine. 

The  Shannon  steam-packet  company  was  the  next  to  employ  iron  steam- 
vessels  in  river  navigation.  The  first  of  these  was  built  by  the  Horsley 
company,  in  1824 ;  and  this  beginning  was  followed  by  the  building  of  five 
more  for  the  same  company,  as  they  were  required. 

The  use  of  the  small  number  of  iron  vessels  already  built  for  companies 
both  in  Oreat  Britain  and  on  the  Continent,  was  determining  the  problem 
of  the  suitableness  of  iron  to  ship-building,  and  was  drawing  attention  to 
the  subject.  Messrs.  Fawcet  and  Preston  established  a  factory  at  Liver- 
pool for  building  them ;  and  their  first  iron  vessel  M^as  built  under  the 
direction  of  Mr.  Page.  This  was  the  first  iron  vessel  built  at  that  place. 
Mr.  Laird,  of  Birkenhead,  came  next ;  and,  proceeding  upon  a  large  scale, 
prosecuted  this  branch  of  art  with  uninterrupted  success.  Mr.  Fairbaim 
early  took  a  part  in  its  cultivation;   and   ranks  with   those   to  whose 

2  c      . 
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influence  and  skill  it  is  indebted  for  public  confidence.  After  having 
begun  at  Glasgow^  he  came  and  established  himself  upon  the  Isle  of  Dogs, 
ivhere  he  became  one  of  the  principal  constructors  of  iron  vessels  upon 
the  Thames.  And  whilst  his  skill  has  been  followed  by  success,  there 
have  been  other  eminent  engineers  pursuing  the  same  branch  of  art  with 
the  like  results :  amongst  these  are  Messrs.  Miller  and  Kavenhill,  whose 
vessels  are  of  exquisite  workmanship  and  beauty  of  form ;  and  Messrs. 
Ditchbum  and  Mare,  who  have  built  a  considerable  number  of  iron  vessels, 
amongst  which  is  the  Fairy,  tender  to  the  Queen^s  yacht,  whose  form  and 
speed  have  gained  her  a  high  reputation. 

Experience  soon  proved  the  advantages  of  iron  vessels  for  the  navigation 
of  rivers.  But  what  was  untried  was  far  from  being  obvious ;  and  strong 
prejudices,  unreasonable  doubts,  and  real  difficulties  had  to  be  overcome, 
as  to  their  suitableness  for  navigating  the  ocean.  One  of  the  chief  objec- 
tions to  this  more  extended  use  of  iron  vessels  was  the  perturbations  of  the 
compass.*  Iron  packets  began,  however,  to  be  used  on  the  coasts ;  and 
the  art  of  building  them  advanced  gradually  towards  perfection.  They 
therefore  acquired  a  merited  confidence ;  and  iron  sailing-vessels  were  built 
for  foreign  service.  Amongst  these  was  the  Iron  sicks,  built  at  Liverpool 
in  1838,  and  which  made  several  successful  voyages  to  America. 

But  before  this  time,  Mr.  Laird  had  constructed  several  iron  steam- 
vessels,  to  be  employed  in  America  and  in  the  East  Indies.  They  were, 
however,  sent  out  in  pieces,  ^ith  workmen  to  put  the  parts  together.  And 
he  has  continued,  with  equal  success,  to  construct  and  send  out  iron  ships 
to  different  parts  of  the  world. 

Mr.  Laird  was  followed  by  other  constructors  of  iron  vessels  at  Liver-- 
pool ;  the  high  estimation  in  which  they  were  held  having  led  to  a  con- 
stantly increasing  demand  for  them,  not  only  in  number,  but  also  in  the 
capacity  of  the  vessels.  Messrs.  Tod  and  McGregor,  of  Glasgow,  took  a 
leading  position  in  building  iron  vessels ; — these  were  superior  both  in  size 
and  speed.  Their  iron  sailing-vessels  were  fi*om  200  to  300  tons  burthen, 
and  their  steamers  from  about  120  to  more  than  200  feet  in  length;  the 
Princess  Royal,  being  one  of  the  largest,  became  also  one  of  the  &stest 
iron  steam-packets  of  her  time  (see  p.  323).  Mr.  Wingate  and  others 
followed  in  the  same  line,  upon  the  Clyde.  It  has  been  stated  that  the 
vessels  built  on  the  Clyde  were  generally  lighter  than  those  built  by  Mr.» 
Laird,  but  unequal  to  them  in  the  finish  of  their  work.  And  the  different 
mercantile  ports  soon  vied  with  each  other  in  the  excellence  of  the  iron 
ships  and  vessels  which  they  produced ;  although,  perhaps,  none  have  yet 
equalled  the  skill  in  the  arrangements  of  Mr.  Laird's  yard,  and  the  excel- 
lence of  the  ships  which  are  built  there. 

*  Professor  Airy  has  since  published  a  very  concise  series  of  instructions  for  correcting 
the  compass  on  board  of  iron  ships. 
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But  the  most  magnificent  specimen  of  iron  ship-building  that  has  yet 
been  pfoduced^  was  the  Great  Britain^  constructed  by  Mr.  Patterson,  at 
Bristol^  for  the  Great  Western  steam-packet  company.  The  following  were 
the  principal  dimensions  and  weights  of  this  extraordinary  ship. 

feet.     ins. 
Length  from  the  extremity  of  the  knee  of  the  head  to  the  after 

part  of  the  taffrail    -            -            -            -            -            -  317  3 

Length  from  the  perpendicular  forward  to  the  after  part  of 

the  second  stempoet             -           -           -           _           .  292  0 

Length  to  the  after  part  of  the  first  stempost  -  .  -  278  0 
Main  breadth,  over  the  ribs  at  the  height  of  twenty-four  feet, 

under  the  floor-timbers        -  -  -  -  -510 

Breadth,  at  the  water-line,  at  the  height  of  sixteen  feet           -  46  0 

Depth,  under  the  floor-timbers  amidships         -           -           -  32  3 

f  iron         -  -     S40  tons. 

Weight  of  the  hull,  not  including  fittings  1«qqJ       _  -     160 


Total  -  -  -   1000  tons. 

This  ship  was  calculated  to  have  a  total  displacement  of  3900  tons, 
which  would  bring  her  draught  of  water  to  nineteen  feet  two  inches^  and 
give  her  an  area  of  midship-section^  below  the  water-line,  of  730  square 
feet.  This  allowed  for  every  equipment  and  supply,  including  1000  tons 
of  fuel^  500  tons  of  merchandise,  and  300  persons,  and  passengers^  luggage. 

The  engines  of  this  ship  were  of  1200  horse-power,  and  worked  with 
four  cylinders,  inclined  at  an  angle  of  455^  towards  the  diametrical  plane  of 
the  vessel,  and  were  placed,  two  on  the  starboard,  and  two  on  the  port  side, 
acting  directly  upon  two  cranks  at  the  end  of  a  shaft  parallel  to  the  length 
of  the  ship,  by  means  of  rods  articulated  upon  the  piston  rods.  There 
were  two  iron-plate  condensers,  each  serving  for  the  two  cyUnders  which 
acted  upon  the  same  crank.  In  each  of  these  condensers  worked  an 
air-pump,  to  which  the  movement  was  always  communicated  by  the  same 
crank-pin,  and  by  a  rod  articulated  upon  the  rod  of  the  pump.  One  of 
these  air-pumps  was  deflected  a  little  from  the  vertical  position,  to  allow 
the  shaft  of  the  propeller  to  pass,  which,  in  the  midst  of  four  cylinders, 
carried  a  drum,  receiving  the  movement  from  another  still  larger,  placed 
above  it  upon  the  principal  shaft. 

Principal  Bimengicns  of  the  Machinery, 

Diameter  of  the  steam-cylinders  .  -  -  -  88  inches. 

Length  of  the  stroke      ......  6  feet 

Number  of  strokes  of  the  piston  in  a  minute       -  -  -  20. 

Diameter  of  the  large  drum        .....  24  feet. 

Diameter  of  the  small  drum       .....  6  feet. 

Numberof  revolutions  of  the  screw        -  -  -  -  80. 

Number  of  blades  of  the  screw   -  -  -  -  -  4. 

2c2 
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ft*    mi- 

Length  of  each  blade  projected  on  a  plane  parallel  to  the  azlB  -         4    6 
Height  from  the  centre  of  the  shaft  of  the  screw  to  the  begin- 
ning of  the  floor-timbers        -  -  -  -  -         7    9 
Height  of  the  centre  of  the  shaft  of  the  large  drum       -  -        25    3 

The  advantages  of  iron  vessels  consist^  generally^  in  their  durability^ 
strength  and  safety^  capacity  for  stowage^  economy  and  salubrity.  Prior 
to  experience^  it  was  apprehended  that  the  saline  property  of  the  sea-water 
would  have  a  strong  corrosive  effect  on  the  iron ;  and  that  this  material 
would  be  rapidly  destroyed.  But  experience  has  shown  that  the  effect  of 
salt-water  on  iron  alone  is  so  small  as  hardly  to  bear  a  comparison  with 
that  which  it  has  upon  iron  in  connection  with  wood.  And  this  remark- 
able difference  of  effect  has  been  shown  in  iron  vessels  in  which  timber 
was  used  for  the  keel :  for  the  bolts  which  had  been  driven  through  the 
keel  to  form  its  proper  connections^  have  been  acted  upon  with  a  rapidity 
almost  to  destroy  them^  before  the  iron  plates  forming  the  external  parts 
of  the  huU  had  become  perceptibly  diminished  in  thickness  by  the  same 
agency ; — an  important  condition  beings  that  the  vessel  should  be  kept  in 
use,  rather  than  lie  up  unemployed.  Vessels  which  were  built  in  the 
earliest  stage  of  this  art,  subsequent  to  that  of  building  mere  canal-boats^ 
bore  the  service  many  years,  needing  but  little  repair;  and  remained  in  a 
perfectly  good  condition  to  a  later  period  than  that  to  which  the  durability 
of  wooden  vessels  ordinarily,  and  under  similar  circumstances,  extends.* 
Since  the  inner  surface  of  the  iron  plates  may  be  almost  wholly  protected 
from  oxidation,  the  external  wear  is  nearly  all  that  is  to  be  apprehended. 
The  outer  surface  of  the  metal  might  also  be  protected  in  a  great  measure 
from  corrosion ;  but  yet  the  vessels  were  subject  to  the  great  disadvantage 
of  having  their  speed  diminished,  after  a  very  short  period  of  service,  by  the 
adhesion  and  growth  of  animal  and  vegetable  matter.  The  coating  of  red 
lead  which,  until  recently,  was  supposed  to  be  the  best  means  of  pro- 
tecting the  iron,  included  no  element  inimical  to  animal  and  vegetable  life, 
under  the  circumstances  in  which  it  was  used.  The  formidable  character 
of  this  species  of  mischief  threatened  to  fix  a  disadvantageous  Umit  to  the 
employment  of  iron  ships  and  vessels  both  for  commercial  and  naval 
purposes,  and  as  well  in  other  countries  as  in  England.  But  Mr.  Hay, 
the  chemicaf  lecturer  at  Portsmouth  dockyard,  has  succeeded  in  pro-' 
ducing  a  composition  to  protect  the  iron  from  the  chemical  action  of  the 
sea-water,  and  also  to  prevent  the  adhesion  of  marine  vegetables  and 
animalculae.  This  protection  is  formed  on  a  purely  scientific  basis.  A 
coating  is  applied,  which  serves  simply  to  protect  the  iron,  being  a  non- 
conductor of  electricity.     Upon  this  is  applied  a  coating  with  oxide  of 


*  There  is  a  great  differenoe  m  iron  plates :  some  are  inferior,  and  soon  oxidate, 
as  hat;  others  are  very  superior,  and  last  a  long  time,  as  hett  batylkc. 
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copper^  which  prevents  the  adhesion  of  animal  and  vegetable  substances. 
The  application  of  this  protective  varnish  to  the  insides  of  iron  ships  would 
be  of  great  value  in  preventing  the  oxidation  of  the  iron. 

It  is  doubtful  whether  iron  ships  have  yet  been  long  enough  in  use  to 
show  how  long  they  may  remain  fit  for  service.  But  the  facts  already 
known  are  highly  satisfactory^  as  evidence  of  great  durability^  under  just 
conditions. 

And  it  is  a  consideration  which  should  not  be  overlooked^  that  large 
ships  may  be  rendered  much  more  durable  than  small  vessels.  For^  as  the 
weight  of  the  hull  is  generally  determined  in  a  certain  proportion  to  the 
whole  displacement^  and  the  plates  of  iron  are  much  thicker  in  a  large 
than  in  a  small  ship^  whilst  the  oxidation  produces  only  a  uniform  waste 
of  metal^  the  durability  will  be  great^  in  proportion  to  that  quantity  of 
the  thickness  by  which  the  plates  may  be  reduced  without  endangering 
the  ship. 

The  superior  strength  of  iron  ships  depends  on  two  facts;  the  character 
of  the  material^  and  the  mode  of  combining  it.  The  strength  of  wrought 
iron  is  well  known^  as  its  power  of  bearing  strains  in  almost  every  direction 
has  been  often  proved.  Its  resistance  to  lateral  pressure  is  increased  in 
a  much  higher  ratio  than  the  quantity.  And  from  this  fact^  it  follows, 
that  almost  any  amount  of  strength  may  be  given  to  a  large  fabric : 
certainly  enough  to  bear  the  pressures  and  strains  to  which  ships  are 
exposed^  with  much  less  liability  to  injury  than  wood  has  been  known  to 
bear  them.  With  plates  of  iron  of  a  substance  fitly  proportioned  to  the 
magnitude  of  the  fabric^  and  with  joints  properly  formed^  the  sides  of  ships 
have  been  found  capable  of  resisting^  in  a  remarkable  manner^  forces  for 
which  the  strength  of  timber  would  be  insufficient.  A  substance  of  plates^ 
sufficient  to  constitute  this  amount  of  strength  generally^  is  also  able  to 
bear  concussions  of  great  force,  with  much  less  hazard  than  timber  would. 
This  has  been  proved  by  a  number  of  instances  of  iron  ships  and  vessels 
being  placed  in  the  most  dangerous  situations.  These  facts  have  been 
made  public  by  means  of  reports  presented  to  the  House  of  Commons, 
and  through  other  mediums;  and  have  been  corroborated  in  the  course  of 
extending  experience.  At  the  same  time,  this  superiority  is  obtained  with 
a  less  weight  of  material  than  that  which  is  given  to  ships  with  a  scantling 
of  timber  sufficient  for  ordhiary  strength. 

The  preceding  remarks  indicate  the  fact  of  greater  safety ;  because  the 
security  must  be  in  such  proportion  as  a  ship  is  capable  of  enduring, 
unhurt,  the  casualties  of  tempests,  rocks,  and  shores.  The  greater  degree 
of  safety  of  iron  ships  has  been  proved  in  those  cases  which  have  ascertained 
the  superiority  of  strength;  and  it  is  shown  by  the  manner  in  which 
concussion  produces  effects.  Experience  has  shown  that  unless  the  con- 
cussion takes  place  with  great  violence,  mere  indentation  of  the  metal  is 
generally  the  greatest  injury  sustained.     Beyond  this,  the  concussion  and 
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the  strain  flometimes  break  off  the  heads  of  a  few  riyets  without  cpeniiig 
the  seam ;  bat  it  is  uncommon  for  the  rivets  to  be  drawn,  if  the  metal 
and  workmanship  are  good.  When,  in  addition  to  the  ooncassion  being 
exceedingly  powerful,  the  object  against  which  it  takes  place  is  sharp,  as 
a  crag  of  rock  or  coral,  it  occasionally  happens  that  a  hole  is  made  throogfa 
the  plate.  But  when  such  an  accident  occurs,  the  damage,  is  generally,  if 
not  always,  local, — ^the  parts  not  immediately  subject  to  the  concussion 
remaining  unhurt  by  the  shake.  No  general  leakage  is  therefore  conse- 
quent upon  such  an  accident. 

As  the  hull  of  an  iron  ship  is  both  thinner  and  lighter  than  that  of  a 
wooden  ship,  an  iron  ship  of  the  same  external  dimensioiis  as  a  wooden 
one  has  both  the  greater  capacity  for  stowage,  and  the  greater  power  to 
support  the  weights  that  may  be  put  into  her.  The  differences  vary  in 
some  degree  with  the  dimensions  and  form  of  the  ship,  being  greater  as 
the  dimensions  of  the  ship  are  large.  They  may,  of  course,  be  deter- 
mined by  computation;  and  an  iron  ship  will  carry  considerably  more 
cargo  than  a  wooden  ship  of  the  same  external  dimensions. 

The  consideration  of  economy  should  not  be  omitted  in  any  comparison 
of  the  merits  of  ships  built  of  timber  and  of  iron.  The  economy  begins  at 
the  building ;  for  the  original  cost  of  an  iron  ship  is  considerably  less  than 
that  of  a  wooden  one ;  and  it  runs  on  with  the  course  of  the  ship^s  service, 
as  a  result  of  several  causes ;  amongst  them,  of  the  smaller  amount,  and  leas 
expensive  character  of  repairs.  And  as  it  is  not  yet  known  how  long  iron 
ships  will  last,  the  saving  which  will  result  from  using  iron  instead  of  wood 
cannot  be  estimated.  The  period  of  service  of  mercantile  timber-built, 
ships  is  defined.  If  they  reach,  or  rather  exceed,  thirty  years'  service, 
they  must  have  been  ships  of  the  first  class  as  to  quality;  and  must,  within 
that  time,  have  undergone  expensive  repairs.  As  iron  ships  are  not  subject 
to  the  same  decay,  at  the  same  time  that  accidental  damages  are  generally 
repaired  at  a  much  less  cost  than  they  are  in  wooden  ships,  all  that  is 
gained  by  the  diminished  expense  of  repairs  is  clear  profit.  The  excess  in 
absolute  durability,  be  it  what  it  may,  is  to  be  added  to  this.  And  the 
greater  space  for  stowage,  as  compared  with  wooden  ships,  is  a  further 
saving  gained  by  the  use  of  iron  ships. 

The  adaptation  of  iron  as  a  material  for  ships  to  be  used  in  war  has 
been  affirmed  on  the  ground  of  experience,  supplied  by  the  NemesU,  war- 
steamer,  in  the  service  of  the  East  India  company,  in  the  war  in  China. 
So  far  as  the  experience  of  that  ship,  and  of  her  companions  in  that  service, 
built  of  wood,  extended,  the  grounds  of  preference  appear  to  have  been 
decidedly  on  the  side  of  iron.  The  testimony  regarding  the  Nemesis  rests 
on  the  authority  of  captain  William  Hutchens  Hall,  R.N.,  who  commanded 
that  ship  diuing  the  period  of  her  employment  in  that  servicer  Apart 
from  experience,  much  doubt  has  prevailed  whether  danger  from  shot- 
holes  would  not  be  far  greater  in  iron  ships  than  in  wooden  ships.    This 
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is  a  question  which  ought^  no  doubt^  to  be  answered  with  certainty^  before 
the  dangerous  senrices  of  naval  warfare  are  entrusted  to  iron  ships. 

The  Dover  was  the  first  iron  steam-vessel  built  for  the  government 
service;  she  was  ordered  in  February  and  March  1839^  and  was  used  as  a 
packet  on  the  Dover  station.  This  was  followed  by  the  building  of  three 
others,  the  Alert,  Soudan,  and  WUberforce,  for  the  Niger  expedition;  they 
were  all  small  vessels,  designed  expressly  for  the  exploration  of  that  river. 
The  order  to  built  these  was  given  in  August  1840.  In  June  1841,  the 
admiralty  ordered  the  Mohawk,  of  sixty  horse-power,  to  be  built  for  service 
on  lake  Huron ;  and  in  September  of  the  same  year,  the  Rocket  and  Ruby 
were  ordered  to  be  built  for  steam-tenders.  None  of  these,  therefore,  were 
either  intended  or  suited  for  the  purposes  of  war.  It  was  not  until  the 
year  1843,  that  the  building  of  iron  steam-vessels  for  war  was  begun. 
The  THdenty  of  850  tons,  and  850  horse-power,  was  the  first,  and  was  built 
by  Messrs.  Ditchbam  and  Mare,  at  Blackwall.  The  next  iron  steamer 
that  was  ordered  to  be  built  was  the  Birkenhead,  of  1400  tons,  and  556 
horse-power,  built  by  Mr.  Laird.  Having  paddle-wheels,  her  armament 
consists  of  only  six  guns,  although  her  rate  is  that  of  a  frigate.  Before 
any  others  were  ordered  to  be  built,  the  Princess  Alice  and  the  Dwarf 
were  purchased ;  but  neither  of  them  was  intended  for  war.  In  January 
and  February  1844,  the  Bloodhound,  Jackall,  lizard.  Myrmidon,  and 
Torch,  of  150  horse-power,  and  the  Harpy,  of  200  horse-power,  were 
ordered  to  be  built,  varying  from  340  to  878  tons.  In  July  of  the  same 
year,  the  Grappler  was  ordered  to  be  built,  of  559  tons,  and  220  horse- 
power; and  to  carry  three  guns.  The  whole  of  those  which  had  been 
ordered  to  be  built,  until  this  time,  were  intended  to  be  propelled  with 
paddle-wheels, — a  condition  which  interfered  with  the  freedom  of  armament. 
The  Dwarfs  which  had  been  built  for  a  screw,  and  had  in  the  mean  time 
been  bought,  was  intended  chiefly  for  experiment.  In  November  1844, 
the  Fairy  was  ordered  to  be  built  for  a  tender  to  the  royal  yacht,  to  be 
propelled  with  a  screw.  The  next  iron  steamer  ordered  to  be  built  was 
the  {Pegams,  since  named)  Greenock,  frigate,  of  ten  guns,— H)f  1412  tons, 
and  540  horse-power,  to  be  propelled  with  a  screw.  In  March  1845,  the 
Megara,  of  1395  tons,  350  horse-power,  and  ten  guns;  the  Simoom,  a  ship 
of  beautiful  form,  of  1979  tons,  constructed  for  engines  of  780  horse-power, 
but  ultimately  fitted  with  other  engines  of  only  350  horse-power,  and  of 
eighteen  guns ;  and  the  Vulcan,  of  1747  tons,  350  horse-power,  and  fourteen 
guns,  were  ordered  to  be  built,  and  to  be  propelled  with  a  screw.  In  the 
course  of  the  same  year,  the  Sharpshooter,  Minx,  Oberon,  and  Triton,  gun- 
vessels,  were  ordered ;  and  the  Onyx,  Violet,  and  Antelope,  packets.  And 
in  1846,  three  of  the  new  packets,  required  for  the  Holyhead  and  Dublin 
station,  were  ordered  to  be  built  of  iron. 

England  having  set  the  example  in  building  war-steamers  of  iron,  the 
French  followed  it,  in  the  development  of  their  steam  naval  power.    In 
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March  1840^  the  Tetuire,  an  aviso,  or  despatch  vessel,  of  160  horse-power^  and 
765*58  tons  displacement,  was  launched.  The  AustraUe^  and  the  Narval, 
of  the  same  power,  followed  in  1844 ;  and  the  Chaptal,  of  220  horse-power, 
in  1845.  In  1846,  the  Anacr^on,  of  100,  the  Eclaireur,  of  180,  and  the 
Passe-Partout,  of  120-horse-power^  were  launched.  And  since  1844,  con- 
siderably the  larger  number  of  war-steamers,  laid  down  by  the  French, 
have  been  iron  vessels :  the  largest  of  these  was  the  CaffarelH,  209  feet  in 
length  between  the  perpendiculars,  35*1  feet  in  breadth  moulded,  and  15*25 
feet  in  depth  from  the  load-water  line  to  the  upper  part  of  the  keel ;  with 
a  displacement  of  1862  tons.  In  1845,  one  first-class  and  two  second-class 
steam  corvettes  were  laid  down ;  in  1846,  two  second-class  corvettes,  sf'ven 
first-class  and  two  second-class  avisos  were  laid  down;  aind  in  1847,  the 
only  iron  ships  laid  down  for  the  French  navy^  were  two  first-class  and  two 
second-class  avisos.  By  the  "Budget  des  dipenses  de  I' exercise,  1849,''  it 
appears  that  there  was  not  a  single  iron  steamer  laid  down  in  1848.  Thus, 
it  seems,  that  confidence  in  the  suitableness  of  iron  for  such  purpose,  rose 
and  fell  in  the  governments  of  England  and  France  about  the  same  time, 
and  in  about  the  same  degree. 

The  merits  of  iron  ships  for  war,  in  relation  to  wooden  ships,  had  in 
the  mean  time  been  extensively  considered ;  but  as  few  persons  could  be 
informed  by  experience  regarding  the  fitness  of  iron  ships  to  serve  in  war, 
much  objection  has  been  urged  against  them,  having  only  conjecture  to 
rest  upon.  Experiments  have  been  made  at  the  arsenal  at  Woolwich,  to 
determine  the  effect  of  shot  upon  iron  plates,  rivetted  together  like  the 
sides  of  an  iron  ship,  and  lined  with  a  material  called  kamptulicon.  The 
chief  ingredients  in  this  material  are  india-rubber  and  prepared  cork; 
and  it  was  thought  that,  by  lining  the  sides  of  a  ship,  between  wind  and 
water,  with  a  considerable  thickness  of  this  material,  it  would  close  up 
after  the  entrance  of  a  shot,  and  exclude  the  water.  This  supposition  was 
found  to  be  true  in  the  first  trials ;  but  when  the  shot  struck  on  the  side  of 
the  kamptulicon,  as  it  would  do  in  passing  out  of  a  ship,  on  the  side  oppo- 
site to  that  at  which  it  had  entered,  it  forced  this  material  along  with  it, 
thereby  making  the  hole  in  the  iron  stiU  larger;  but  as  the  kamptulicon, 
which  was  forced  outwards,  was  not  torn  away,  it  collapsed,  as  it  had  done 
at  the  other  side.  But  the  experiments  failed  of  supplying  evidence  enough 
to  decide  the  question  at  issue.  Another  experiment  was  made  at  Ports- 
mouth, to  try  the  effect  of  shot  upon  the  sides  of  an  iron  vessel ;  this 
was  the  Ruby,  which  has  been  already  mentioned.  One  of  the  engineer 
officers  who  surveyed  her  before  the  experiment,  stated  in  evidence  before 
a  Committee  of  the  House  of  Commons,  that  the  iron  of  which  she  was 
constructed  waji  originally  very  thin,  not  thicker  than  a  half-crown ;  that 
she  was  in  a  very  bad  state  of  repair ;  that  the  heads  of  the  rivets  were 
quite  gone,  especially  internally ;  that  many  of  the  seams  of  rivets  were 
almost  gone ;  that  the  ribs  were  very  wide  apart ;  and  that  a  part  of  the 
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deck  of  the  vessel  Iiad  been  taken  out  for  the  purpose  of  removing  the 
machinery^  thereby  increasing  her  weakness.*  The  shot^  of  course,  tore 
the  plates  of  iron  apart,  along  the  lines  of  rivets,  without  any  difficulty ; 
but  no  experiment  could  fail  more  completely  than  this  did,  of  deciding 
the  question  for  which  it  was  ostensibly  undertaken. 

Experiments  of  a  more  definite  character  have  been  made  to  determine 
the  absolute  effects  of  shot  upon  plates  of  iron,  a  few  of  which  may  be 
mentioned.  Musket-shots  were  fired  against  plates  t^,  i,  and  f  of  an 
inch  in  thickness,  at  a  distance  of  forty  yards.  In  the  first  instance,  the 
shot  passed  through,  making  a  ragged  hole ;  in  the  second,  a  bur  was 
raised,  and  opened  at  the  crown,  but  the  shot  did  not  pass ;  and  in  the 
third,  a  bur  was  raised  to  the  height  of  i  of  an  inch. 

Grape-shot  also  were  fir^d  at  an  iron  plate  of  the  same  thickness. 
At  the  distance  of  100  yards  a  round  hole  was  made  with  a  considerable 
bur ;  and  at  a  distance  of  200  yards  a  ragged  hole  was  made,  about  which 
the  iron  was  much  torn.  Orape-shot  were  fired  also  at  plate-iron  half  an 
inch  thick ;  at  the  distance  of  100  yards,  a  bur  was  raised  to  the  height  of 
half  an  inch,  but  the  shot  did  not  pass.  .  At  the  distance  of  200  yards,  the 
iron  was  indented  to  the  depth  of  a  quarter  of  an  inch.  Iron  plate,  f  of 
an  inch  thick,  was  fired  at  with  the  same  description  of  shot ;  at  the  dis- 
tance of  100  yards  the  plate  was  indented  ^  of  an  inch ;  and  at  200  yards 
it  was  indented  ^  of  an  inch.  At  a  distance  of  100  yards,  iron  plate  |  of 
an  inch  thick  was  fired  at,  and  indented  i  of  an  inch ;  and  at  200  yards,  it 
was  indented  ^  of  an  inch. 

Further  experiments  have  been  made  recently,  to  determine  the  effects 
which  would  be  produced  by  heavy  shot  and  shell,  on  plates  of  iron  of  the 
substance  of  those  which  have  been  used  in  the  sides  of  a  steam-frigate — 
five-eighths  of  an  inch  thick.  In  the  first  course  of  these  experiments,  a 
butt  was  used  which  represented  the  iron- work  of  a  part  of  the  side  of 
the  Simoomy  without  the  lining  of  wood  which  that  ship  has.  The  effect 
of  shot  was  such  as  could  hardly  fail  of  being  disastrous  in  a  naval 
engagement.  The  shots  were  broken  into  pieces  by  the  concussion,  and 
passed  through  the  butt  in  fragments.  Portions  of  the  iron  immediately 
struck  by  the  shot  were  broken  into  fragments,  and  a  hole  formed  in  the 
plate  a  little  larger  than  the  shot.  The  fragments  of  the  shot  and  of  the 
iron  plate  then  diverged,  taking  a  considerable  range  in  their  flight. 

In  the  next  course  of  experiments,  a  similar  iron  butt  was  filled  in 
between  the  angle  irons  with  timber  5^  inches  thick,  placed  vertically ;  and 
this  was  covered  with  plank  from  2^  to  4  inches  thick,  placed  longitu- 
dinally. In  these  experiments  the  internal  effects  of  shot  were  about  the 
same  as  in  the  experiments  previously  made :  the  shot  having  been  broken 
into  fragments  by  the  concussion,  the  parts  passed  through  the  iron  plate 

*  Faxliamentary  Paper,  No.  555,  Session  1848. 
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and  the  timber^  forcing  through  the  hole^  parts  of  the  iron  plate  in  firag- 
ments^  the  whole  of  which,  on  clearing  the  wood,  flew  about  in  all  directions. 
In  the  next  course  of  experiments,  the  iron  butt  was  covered  on  the  outside 
with  fir  plank :  still  the  effects  of  the  concussion  were  similar; — the  shot 
were  broken  into  fragments,  and  the  iron  plate  was  broken  off  by  the 
passage  of  the  shot,  with  a  rim  less  ragged  than  it  was  when  the  wood 
was  used  as  a  lining ;  and  the  fragments  were  thrown  about  as  before. 

The  use  of  kamptulicon  has  since  been  tried  as  a  lining  to  a  similar 
iron  butt ; — ^the  first  experiment  was  inconclusive,  and  subsequent  trials 
have  been  unfavourable.  Notwithstanding  the  unsuccessful  nature  of  the 
experiments,  it  appeared  that  there  was  ground  to  expect  kamptulicon 
might  yet  produce  a  more  beneficial  result  than  anything  else  has  yet  been 
found  capable  of  doing. 

An  inference  has  been  drawn  firom  the  results  of  the  various  experiments, 
unfavourable  to  the  employment  of  iron  ships  in  warlike  operations.  The 
effect  of  that  inference  has  been,  to  alter  the  entire  plan  of  the  government, 
as  to  the  use  of  iron  ships  in  the  navy. 

There  is  one  view  of  this  'subject  that  should  not  be  overlooked, — ^as  it 
may  be  of  the  highest  consequence, — ^that  is,  the  abundant  supply  of  the 
material  in  our  own  country.  The  immediate  supply  makes  the  building 
of  iron  vessels  more  expeditious  than  that  of  wood;  whilst  the  repairs, 
being  much  less,  are  less  expensive,  and  more  quickly  performed.  These 
advantages  are  already  available  for  commercial  purposes ;  and  considering 
their  magnitude,  it  does  seem  an  important  question — ^to  what  extent,  and 
for  what  purposes,  would  it  be  for  the  benefit  of  the  English  nation  to 
employ  iron  ships  and  vessels  in  the  royal  navy  ?  The  question  seems  now 
to  rest  on  the  internal  effect  of  shot.  If,  therefore,  any  means  can  be  used 
of  sufficient  power  to  diminish  this  effect  in  iron  ships  to  as  small  an 
amount  as  it^is  in  wooden  ships,  it  would  be  of  almost  primary  importance 
to  the  navy,  since  iron  ships  might  then  be  rendered  fit  for  any  of  its  uses. 

The  Royal  Yacht  Squadron. 

Amongst  the  various  lines  of  practice  in  private  yards,  in  which  naval 
architecture  has  improved  of  late  years,  the  building  of  yachts  is  perhaps 
the  chief.  "  The  Royal  Yacht  Squadeon  "  was  tJie  first  combination 
for  this  object ; — it  was  then,  however,  known  as  the  "  The  Yacht  Club.'' 
This  was  formed  in  the  year  1815,  at  a  meeting  of  noblemen  and  gentle- 
men held  in  London  for  that  purpose.  "  The  Yacht  Club  '^  included 
forty-two  original  members,  who,  having  fonited  themselves  into  a  body, 
resolved  that  the  future  condition  of  membership  should  be  ^'the  owner^ 
ship  of  a  vessel  not  under  ten  tons.^'  No  record  has  been  kept  of  the 
number  of  yachts  and  their  tonnage,  belonging  to  the  members  at  that 
time ;  but  it  is  supposed  they  did  not  exceed  ten  or  twelve,  with  a  total 
amount  of  tonnage  firom  150  to  200. 
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The  members  of  the  yacht  club  carried  their  own  influence,  and  increased 
their  importance  corporately,  as  they  went  on.  In  1817  the  Prince-regent 
signified  his  wish  to  be  a  member;  and  in  1818  the  duke  of  Clarence 
and  the  duke  of  Gloucester  also  joined  the  club.  In  July  of  that  year, 
the  terms  of  membership  were  raised;  and  it  was  declared  that  '^the 
necessary  qualification  for  a  candidate  hereafter^  be  the  bond  fide  ownership 
of  a  yacht  not  under  twenty  tons.''  In  the  course  of  five  years,  the  size 
and  number  of  the  yachts  increased  considerably;  and  on  the  5th  of 
September,  1820,  it  was  notified  that  his  Majesty,  George  lY .,  desired  that 
the  club  might  be  thenceforth  styled  ''  The  Royal  Yacht  Club/' 

In  September,  1826,  it  was  determined  that  in  future  the  qualification 
of  a  gentleman  to  become  a  member  should  be  the  possession  of  a  yacht 
not  under  thirty  tons ;  and  this  regulation  still  remains. 

In  July,  1827,  the  late  earl  of  Yarborough,  one  of  the  original  and  most 
zealous  members  of  the  club,  was  chosen  commodore;  and  being  in  that 
high  relative  position,  he  used  his  personal  influence,  his  wealth,  and  his 
hospitality,  to  promote  the  interests  and  respectability  of  the  club,  and  to 
uiiite  the  numbers  together  in  prosecuting  the  one  object  for  which  they 
were  thus  associated.  Harmony  and  zeal  were  thereby  promoted:  and 
he  continued  to  exert  the  same  beneficial  influence  for  a  period  of  about 
twenty  years,  retaining  the  post  of  commodore  until  his  death. 

The  progress  of  the  club  was  such,  that,  in  1828,  it  contained  one 
hundred  and  seventeen  members,  and  three  hundred  and  thirty-four 
honorary  members ;  (it  having  been  declared,  in  1818,  that  all  officers  of 
the  navy,  not  under  the  rank  of  commander,  were  eligible  to  be  elected 
honorary  members ;)  the  number  of  yachts  was  ninety-six,  amounting  to 
6721  tons. 

His  Majesty,  William  IV.,  became  the  patron  of  the  club,  in  July  1830; 
and  in  July  1833,  he  directed  ''  that  as  a  mark  of  his  Majesty's  gracious 
approval  of  an  institution  of  such  national  utility,  it  is  his  gracious  will 
and  pleasure,  that  it  shall  henceforth  be  known  and  styled  '  The  Boyal 
Yacht  Squadron,'  of  which  his  Majesty  is  graciouidy  pleased  to  consider 
himself  the  head." 

The  object  of  the  members  of  this  distinguished  institution  having  been, 
from  the  beginning,  to  obtain  the  highest  degree  of  excellence  of  which 
vessels  of  the  classes  they  possessed  were  susceptible,  and  a  great  measure 
of  success  having  attended  their  efforts,  it  appeared  to  the  author,  between 
twenty  and  thirty  years  ago,  that  one  effectual  way  to  extend  the  improve- 
ments which  had  been  made  in  the  construction  of  vessels  of  the  yacht 
class,  would  be  to  publish  the  dimensions  and  calculated  elements  of  some 
of  the  most  distinguished  vessels  belonging,  at  that  time,  to  the  dub. 
He  obtained  permission  from  several  noblemen  and  gentlemen,  who  were 
members,  to  "take  off*"  their  yachts.  The  elements  of  construction,  and 
other  information,  of  six   yachts,  were   therefore   published   in  the  first 
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volume  of  '' Papers  on  Naval  Architecturb/^'I^  Tbe  first  intention 
was  to  get  a  large  fond  of  such  information,  as  that  the  yachts  might  be 
compared  with  reference  to  their  sailiiig  and  other  qualities^  and  to  the 
elements  of  their  construction ;  and  by  that  means^  principles  be  deduced 
for  the  extension  of  improvement.  But  he  was  hindered  from  carryiog 
out  his  purpose  so  far  as  would  have  supplied  a  sufBicient  body  of  fiicts  for 
induction^  upon  which  improvements  in  the  construction  of  that  class  of 
vessels  might  be  carried  on  with  certainty. 

Soon  after  the  accession  of  Her  Majesty  Queen  Victoria,  she  became 
the  patroness ;  and  she  has  continued  the  annual  plate  of  one  hundred 
guineas  to  the  regatta  of  the  royal  yacht  squadron.     Eminent  success  has 
attended  the  enterprising  zeal  of  the  members^  and  the  talent  which  has 
been  exercised  under  their  patronage.    The  character  of  the  yachts  which 
compose  this  squadron  is  too  well  known  to  need  more  than  an  allusion  to  it 
here ; — ^all  that  wealth  and  talent,  in  the  present  state  of  naval  architecture 
in  this  country,  have  been  able  to  obtain,  has  been  obtained  in  the  yachts 
belonging  to  the  "  Royal  Yacht  Squadron/^ — which,  a  year  or  two  ago, 
amounted  in  number  to  one  hundred  and  two ;  with  an  aggregate  of  9600 
tons  burthen,  employing  one  thousand  two  hundred  seamen.     At  the  same 
time  it  included,  under  the  patronage  of  the  Queen, — Prince  Albert,  and 
one  hundred  and  sixty  other  members — ^noblemen,  gentlemen,  and  naval 
and  military  officers.      It  enrolled,  also,  five  hundred  and  five  honoraiy 
members.    The  number  of  vessels  belonging  to  the  squadron  has  since 
that  time  diminished  by  ten ;  but  as  there  have  been  added  other  vessels  of 
greater  tonnage,  the  diminution  in  this  respect  is  less  than  200  tons.    The 
present  state  of  the  squadron  (August  1850)  is  as  follows :  one  brig,  of  120 
tons ;  forty-three  schooners,  of  5894  tons ;  thirty-nine  cutters,  of  2780  tons ; 
seven  yawls,  of  543  tons;  and  two  luggers,  of  75  tons :  making  a  total  of 
ninet}'-two  vessels,  of  the  collective  burthen  of  9412  tons,  old  measurement. 
The  yachts  of  this  squadron  are  found  cruising  in  every  part  of  the 
world ;  and  they  are  admitted  into  all,  or  nearly  all,  ports,  free  of  port 
charges.    The  annual  regatta  is  in  the  month^of  August,  at  Cowes. 

As  the  vessels  alluded  to,  whose  elements  were  published  in  "  Papers 
ON  Naval  Architecture,''  possessed  respectively  a  high  character,  and 
as  that  work  had  not  a  great  circulation,  and  is  now  out  of  print,  it  may 
be  useful  to  insert  those  elements  here,  and  also  to  add  to  that  number 
those  of  several  yachts  of  more  recent  date,  which  the  author  has  con- 
structed for  the  persons  whose  names  stand  in  connection  with  them. 
The  Falcon,  Coquette,  Pearl,  Nautilus,  and  Emerald,  are  the  yachts 
whose  elements  were  published  before ;  these  were  constructed  with  fuller 
lines,  according  to  the  usage  of  the  time  in  which  they  were  built,  than 
the  other  yachts,  which  are  of  more  recent  date.  Of  these,  the  Lotus  is 
but  just  built. 

♦  P.  212  et  seq. 
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The  preceding  Table  contains  the  elements  of  yachts  which  have  been 
distinguished  by  excellence  in  different  degrees  and  in  different  respects. 
For^  whilst  fast  sailing  is  commonly  desired  in  the  different  classes  of 
yachts^  the  larger  vessels  of  this  description^  which  are  required  for  long 
voyages,  are  not  un&equently  required  to  possess,  first  of  all,  the  qualities 
of  a  good  sea-boat.  The  different  features  of  excellence  may  be  realised 
with  less  difficulty  in  yachts  than  in  ships  of  war ;  as,  in  the  former,  the 
disposition  of  the  weights  may  be  made  to  suit  the  requirements  of  the 
vessel,  whilst  in  the  latter,  the  design  must  be  formed  to  suit  the  necessary  and 
fixed  distribution  and  quantity  of  the  weights.  Beauty  of  form,  including 
moderately  fine  water-lines,  is  one  of  the  first  considerations  in  constructing 
a  yacht ;  but  the  adjustments  of  the  body  must  be  suitably  fixed,  in  order 
to  excellence,  and  the  form  must  be  determined  in  harmony  with  a  correct 
adjustment.  Various  opinions  have  prevailed  as  to  the  best  relative 
position  of  the  centre  of  gravity  of  the  vessel  longitudinally,  and  as  to 
the  centres  of  gravity  of  the  fore  and  after  bodies  of  the  vessel.  These 
conditions  may  not  be  correctly  determined  except  by  induction ;  but  then, 
that  is  the  sure  path  to  excellence.  The  preceding  table  shows  its  use  in 
several  yachts  which  the  author  has  constructed  for  noblemen  and  gentle- 
men ;  the  particular  condition  aimed  at  in  the  alterations,  which  were  thus 
made  in  successive  constructions  was,  excellence  in  the  general  motions  of  the 
vessel  at  sea.  To  effect  this,  the  relative  position  of  the  centre  of  gravity 
has  been  determined  further  forward,  by  increasing  the  fulness  of  the  fore 
body  forward  at  the  lower  part.  The  limit  may  not,  perhaps,  have  been  deter- 
mined yet ;  for  it  appears  from  the  descriptions  given  by  both  the  owners  and 
captains,  that  improvement  has  gone  along  with  the  successive  alterations ; 
but  experience  a  little  more  extended  would  define  it.  It  is  in  this  way  that 
the  good  qualities  of  vessels  may  be  developed  to  their  greatest  attainable 
limit,  and  the  various  features  of  excellence  be  effectually  combined. 

The  yachts  to  which  these  observations  apply  are  the  Fair  Rosamond, 
the  NoTHce,  the  Erminia,  and  the  Lotus,  in  this  order  of  succession.  The 
report  which  the  Marquis  of  Blandford  gave  of  the  performances  of  his 
yacht,  led  the  author  to  suppose  that  her  longitudinal  motions  would  have 
been  more  satisfactory,  if  she  had  possessed  a  little  more  buoyancy  forward. 
This  idea  was  therefore  applied  afterwards  in  the  construction  of  a  similar 
schooner  yacht  for  the  Earl  of  Desart :  the  fulness  at  the  lower  part 
forward  was  increased  so  much  as  to  affect  the  position  of  the  centre  of 
gravity  of  the  displacement,  to  the  extent  which  is  shown  in  the  table  of 
elements.  The  Novice  performed  a  voyage  up  the  Mediterranean,  being 
there  in  a  heavy  gale  of  wind ;  and  the  account  given  by  the  Earl  of  Desart 
of  her  behaviour  and  performance,  satisfied  the  author  that  the  alteration 
had  been  judiciously  introduced  into  the  design.  The  success  thus  gained, 
and  the  doubt  whether  the  limit  of  improvement  had  been  reached,  sug- 
gested the  desirableness  of  carrying  the  alteration  still  further.  This  was 
done  in  constructing  the  Erminia  for  the  Earl  of  EUesmere;  and  both 
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himself  and  the  captain  of  his  yacht  were  of  opinion^  after  a  cruise  up  the 
Mediterranean^  that  nothing  remained  to  be  improved  in  her  character. 
No  proof  was^  however,  supplied  that  the  utmost  point  of  excellence  had 
been  ascertained ;  a  still  further  application  of  the  principle  has  therefore 
been  made  in  constructing  the  Lottts,  In  this  example  the  alteration  was 
made  with  the  greatest  caution^  since  it  might  be  inferred  that  the  limit 
was,  at  least,  nearly  reached.  The  conditions  in  which  the  vessels  were 
respectively  put  under  trial  were  such,  that  the  improved  performances 
could  not  be  attributed  to  accidental  causes. 

The  Xarifa,  belonging  to  the  Earl  of  Wilton,  was  constructed  by  Mr. 
Peake,  of  the  Royal  dockyard  at  Woolwich ;  and  as  the  objects  aimed  at  ap- 
pear not  to  have  been  precisely  the  same  as  those  designed  by  the  author,  she 
cannot  be  fairly  compared  with  those.  The  form  is  adapted  to  a  greater  mea- 
sure of  stability,  and  the  construction  possesses  a  high  degree  of  merit. 

The  same  means  of  improving  the  ships  of  the  Royal  Navy  have,  at  the 
most,  rarely  been  resorted  to.  Alterations  have  been  made,  numerous  enough, 
but  they  have  been  at  once  excessive,  where  they  should  have  been  made  step 
by  step;  and  numerous,  where  they  should  have  been  made  singly.  In  this 
way,  the  last  ship,  equally  with  the  first,  of  any  constructor,  can  have  been 
only  an  imperfect  and  uncertain  experiment.  In  1844,  when  five  brigs  of  the 
same  class  were  built  from  designs  by  different  constructors,  they  were  called 
''experimental  brigs;*'  but  afler  the  trials  of  sailing  were  concluded,  in  which 
their  respective  merits  were  supposed  to  be  exhibited,  they  were  employed  as 
light  cruisers;  and  hitherto  it  has  not  been  shown  that  any  use  has  been  made 
of  those  vessels  to  carry  improvement  in  their  class  beyond  the  point  which 
was  then  reached,  although  perfection  could  not  be  affirmed  of  either  of  them. 

The  elements  of  the  Espi^gk,  Flying  Fish,  MtUine,  Daring ,  and  Osprey 
(see  page  248),  are  in  various  particulars  so  disssimilar,  as  necessarily  to 
produce  different  characters  in  those  vessels.  The  relation  of  the  length 
and  breadth  varies  enough  to  make  it  probable  that  the  characters  of  some 
of  them  would  be  materially  dissimilar ;  and  the  extent  to  which  difference 
was  carried  in  determining  other  elements  of  the  bodies  respectively,  con* 
firms  an  inference  which  might  be  drawn  at  once  from  the  different  relations 
of  the  principal  dimensions.  While  this  is  not  the  place  to  enter  upon  an 
investigation  of  the  bearing  of  any  particular  features  of  construction  in  those 
brigs  upon  their  respective  performances  at  sea,  it  does  seem  the  right  place 
to  suggest  the  thought,  that  half  a  century  might  realise  greater  improve- 
ments in  naval  architecture,  if  they  were  sought  in  the  line  here  indicated, 
than  we  could  expect  in  a  much  longer  period  by  a  less  definite  method  of 
treating  the  subject.  At  the  same  time,  it  may  be  observed,  that,  by  seek- 
ing to  extend  improvement  from  the  point  to  which  it  had  last  been  brought, 
rather  than  by  going  back  to  more  general  originality,  excdlence  would  be 
obtained  in  its  most  comprehensive  form,  at  a  much  less  cost  than  it  can  be 
by  any  unscientific  succession  of  experiments  that  might  be  made. 
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Number  of  Line-of-BattU  Shipi,  FrigateM^  Sloops,  and  Smaller  Feeeele,  in  Com- 
miMiionffom  the  year  1793  to  1815,  etating  the  Different  Claseee  and  ike 
Aggregate  Tonnage, 


Linn  or  BATTLn-aHirt 

YEARS. 

1 

▲HD  FBIOATnn. 

1799. 

17M. 

1796. 

1800. 

1806. 

1810. 

1813. 

Bate. 

Claaa  and  Deaerip- 
tioa. 

No. 

•  • 

•  • 

•  • 

•  • 

1 

■  ■ 

4 

•  ■ 

•  • 

•  • 

19 

a 

■  • 

■  • 

7- 

3 

•  • 
9  9 

•  • 

5 

6 

8 

•  ■ 

19 
19 

3 

•  • 

a 

Ton- 
nage. 

•  • 

•  • 

•  • 

S09I 

7877 

•  ■ 

•  • 

31800 

8758 

•  • 

7819 
S670 

•  • 

•  • 

4861 

5/97 
1906 

18U4 
5990 
1606 

•  • 

864 

No. 

Ton- 
nage. 

No. 

■  • 

•  • 
0  • 

9 
8 

•  • 

14 

•  • 

9 

9 
SO 
18 

•  ■ 

•  • 

18 
0 

9 
1 

•  a 

90 
9 
9 

•  • 

8 

•  • 

6 

Ttoo- 
nage. 

•  • 

•  • 

•  • 

4)7t 
6498 

86976 

«  • 

418H 

8764 

887SH 

V5013 

a  • 

10486 
8083 

9759 
1^9 

90184 
8161 
8494 
5608 

48998 

1606 

•  • 

874S 

No. 

•  a 

•  • 

10 

50 
81 

•  • 

10 

85 

19 
18 

88 

18 

Ton- 
nage. 

No. 

Ton- 
nage. 

No. 

Ton- 
nage. 

No. 

•  • 

•  • 

■  • 

•  • 

1 
1 

•  a 

8 

6 

87 

0  • 

■  • 

8 
5 

8 

1 

6 

1 

45 

86 

1 
1 

4 

•  9 

8 
18 
84 

Ton. 
nage. 

•  • 

•  • 
■  • 

81S5 

•  • 

4546 

115«7 

64S9S 

a  • 

stis 

6737 
1779 

1304 

7S^9 

1I4S 

48880 

33977 

94* 

97tt 

I9S4 
6354 

nils 

9197» 

a  • 

147t0 
9806 

9S75> 
6484 

3»1 
7119 
94S1 

•  ■ 

308 

0309 

148 

1768 

1444 

9019 
104 
.. 
SIS 

75184 

let. 
»• 
f> 
t» 

»• 
t* 

Sid. 
»» 
>* 
»t 

4'U. 

•* 

5Ui. 

•f 
»> 
•t 
•f 
tt 
•t 
t» 

«&. 
t» 
t» 
tt 

Tkree-ieeked  Skipi 
ISOgona. 

US     „         18  por. 

lis     „         IS    ,, 

188     „          18    „ 

188      „          IS    „ 

98      n         »    >f 

98      H          IS    „ 

98      „            — 

Two-deekti  Skip$. 
88  gone. 

74     „           84  por. 
74     „           18    „ 

»     »»             — 
88      „              - 

41      „              - 

FrigaSei, 
44gnna. 

48        M        84  por. 
48        „        18    „ 

»        t.            - 
36        „        18    „ 
86        „        IS    „ 

88  „        18    ,. 
38        „        18     „ 
S8        „            - 

S«        ,f           - 

89  „            - 
88        „            - 

Total  .    .    . 

•  • 

•  • 

•  • 

8 
8 

•  • 

9 

•  • 

8 

1 

50 

18 

•  • 

•  ■ 

8 

18 

•  • 

•  • 

•  • 

11 
8 

18 

1 

86 

88 

4 

•  • 

6 

•  • 

•  • 

4679 
6488 

17856 

«  • 

4188 

100  i 

88671 

84977 

•  • 

8814 
10769 

a  • 

•  • 

10919 

7119 

9996 

79a 

95102 

I318<f 

SI  IS 

•  • 

9668 

■  • 

8851 

a  « 

4578 
8I75 
4840 
19499 
1814 

186S5 

13370 
88597 
89096 

6113 

10656 

S70S 

5588 

85  6 

SI08 

86O74 

I8II7 

11165 

4984 

99778 

5866 

8184 

8198 

4916 

1 
1 
1 

•  ■ 

8 

S 

6 

•  • 

4 

8 

41 

18 

•  • 

1 
11 

1 

4 

1 

4 

88 

80 

18 

II 

81 

7 

5 

1 

6 

809 

9506 
8351 

8467 

•  ■ 

6488 

6863 

15681 

•  • 

8865 

IS  107 

7088i 
I8I97 

ii76 

1I51H 
90n 

5577 
J  877 
4667 
94384 
19196 
9195 

9*74 
HMO 
4454 
8644 
599 
8965 

S6149I 

9 

1 
I 

•  9 

I 

. . 

7 

•  • 

6 
11 

68 
11 

•  • 
■  • 

7 

8 

8 

1 

S 

4tf 

39 

10 

9 
99 

7 
4 
8 

4 

5194 

9361 
9457 

•  • 

9175 
14867 

•  • 

I891O 

8O971 

117300 

15350 

•  a 

7599 
1779 

9779 
l<77 
9839 

51864 

37379 

9154 

7976 

15850 

4814 

9991 

4977 
1998 

88 

87893 

808 

888848 

989 

868955 

1 

846897748 

«73 

3I868S 

188 

SLOora  AMD  SMALLnn 
VnaaBM. 

•  9 
9  m 

13 

•  a 

•  • 

•  • 
■  ■ 

•  • 

11 
6 

•  • 

•  • 

•  • 

1 
59 

•  • 

4594 

aii8 
737 

1890 
1460 

•  • 

•  • 

•  • 

•  • 

•  • 

9160 
895 

•  • 

•  • 

•  • 

96 

•  • 

4 

90 

8 

8 
7 
9 

•  • 

a 

8 

•  ■ 

•  • 

•  • 

8 
6 

a 

8 

•  a 

76 

•  a 

1890 
8960 
8484 
737 
1858 
1949 

•  • 

609 

1973 

•  • 

•  • 

1580 
895 
988 
941 
918 

•  a 

•  a 

•• 

4448 

7409 
8414 
737 
9807 
1681 

•  • 

609 

1973 
613 

1947 
135 

779 
743 
898 
841 
151 
47 

58 

til 

7n 

18468 

7481 
8<41 
6943 
8490 
3807 

4917 
9094 
1175 

0160 

617 

57s 

1311 

569 

8i:< 
I8:i 
480 

9 
89 

964 

77i 

11538 

11980 

4358 

9908 

8650 
744 

6148 
843 

1636 

18835 

381 

774 

Its; 

1694 

98 

184 

1S38 

. . 

46 
86 

1 
70 
49 

17 

88 

6 

■  • 

8 
09 

1 
6 
4 

80 
1 
5 

17 

. . 

19309 

9151 

885 

98851 

15150 

4]t9 

7848 

9861 

1659 
19407 

176 
1139 

600 
3780 

100 

487 
1319 

35 

07 

91 
18 
SO 

■  • 

85 
IS 

•  • 

851 

Sloopa. 

Bombs 
Fire-tU 
Gnn-br 
ft 

Cuttera 
tt 
tt 
ft 
tt 
tt 

Arrow  and  Dart,  ] 
mounting  88  38  > 
por.  carroaadea. ) 

18-gnn  ahip-aloop. 

16            „        • 

18-gun  bng-doop. 

16              „ 
14              tt 

*"              t» 
of  8  gona  &  8  mort. 
|M.    .    .    14guna. 
Lga.    .    .    14    ,, 
•    .    .    IS    ,. 
...    18     „ 
,Ae.  .    .    14    „ 
.     .     18    „ 
.    .    18    „ 

::  S:: 

.     .      4    „ 

Total.    . 

13879 

SO919 

96335 

56886 

085SS 

S81 

107481 
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Number  of  Liue-qf- Battle  Shipg,  Friffates,  Sloops,  Smaller  Feasefs,  and  Steam- 
Vessels,  in  Commission,  at  intervals  of  Five  Years,  from  1820  to  1849 
inclusive,  showing  their  Aggregate  Tonnage  respectively. 


Lllf  B-OF-B  ATTLB-IHir  • 

Ybabs. 

▲MO  FniGATBS. 

isao. 

1835. 

1830. 

1835. 

1810. 

1846. 

1849. 

Rate. 

Class  and  Descrip- 
tion. 

No. 

•  • 

•  • 

1 
1 

fl  • 

•  a 

•  • 

•  • 

1 
1 
1 
3 

•  • 

6 

■  • 

•  • 
■ 

I 

.  • 
4 
1 
5 
1 
7 

•  • 

•  • 

•  ■ 

•  • 

•  • 

9 
5 

Ton- 
nage. 

No. 

m  • 
a  • 

1 

•  a 

1 

•  • 

•  • 

1 
1 
3 

« ■ 
1 

•  • 
5 

•  a 

•  • 

3 

•  • 

a  • 

3 
1 
5 

8 

7 

•  • 
a  a 

•  • 

1 
5 
9 

3 

•  • 

■     ■    1 

Ton- 
nage. 

No. 

4 

•  • 

•  • 

•  • 

1 

V    • 

■  a 

1 

•  a 

3 

• . 
1 
3 

4 

a  • 

1 

•  a 

3 

6 

1 

•  • 

10 

•  • 

5 

a  • 

•  • 
■  ■ 

•  * 

13 
3 
1 

•  a 

56 

Ton- 
nage. 

No. 

3 

■  • 
1 

1 

•  • 

3 

•  • 

1 

a  • 

•  • 
a  a 

8 

•  • 
a  a 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

3 

a  a 

48 

Ton- 
nage. 

No. 

3 

1 

a  a 
a  a 

8 
1 

a  a 

4 
3 

•  a 

3 

•  a 

•  • 

1 
8 

a  a 

•  a 

•  a 

a  m 

3 

•  • 

3 

1 
3 

•  • 

.  • 

8 

•  a 

8 

15 

9 

•  a 

Ton- 
nage. 

No. 

Ton- 
nage. 

No. 

3 

1 

•  ■ 

•  a 

1 
1 

■  ■ 

4 
3 
1 

a« 

•  • 
a  a 

•  a 

3 

a  • 
a  a 
a  a 

•  • 

3 

■  • 

•  • 

1 
1 
3 

•  a 

a 

■  • 

4 
a 

8 

Ton- 
nage. 

1st. 
ti 
It 
tt 
tt 

and. 
It 
ft 

II 
t» 
tt 
It 
II 

t* 

tt 

II 
5th. 

It 
II 
ti 
tt 
ti 
»» 
6th. 

It 
11 
ti 
tt 

Tkree-deeied  SMp9 
130  guns. 

}i2     " 
106     „ 

106     „ 

104     ., 

T^o^deeked  Skipt. 
93  guns. 

S  :: 

80      „ 

78     „          a4por. 
78     „           18    „ 
76     „           34    ., 
76     „           18    „ 

2  ;; 

60     „ 
58     „ 

Frigatet. 
53  guns. 
SO     ,. 

S  :: 
r,  :: 

40     „ 
38     „ 
36     „ 
33     „ 

96     „ 
»4     t. 

aa    „ 

ToUl  .    .    . 

•  • 

3389 
3378 

•  • 

•  • 

•  m 

•  • 

3083 
1937 
1907 
6711 

10567 

■  ■ 

•  a 

1199 

5031 
1148 
5337 
1039 
6533 

•  • 
«  • 

•  a 
a  • 

•  • 

4036 
3134 

•  • 

•  • 

•  • 

3389 

3406 

•  • 

3385 

3063 
8834 

1940 

8701 

■  • 

3745 

•  • 

2530 
1160 
5415 
8553 
6713 

•  a 
a  • 

890 
3530 
4139 
1377 

•  • 

10467 

•  • 

•  a 

3164 

a  • 

•  • 

2385 
3816 

ino 

8704 
7036 

1453 

. . 
4433 

8907 
1730 

HOTS 

4710 

.  • 

6383 
903 
438 

a  a 

7851 

•  • 

•  • 

3417 

3636 
6793 
1964 

•  • 

•  • 

14040 

a  a 

•  • 

V    • 

a  t 

4500 
6401 

3185 

1351 

946 

1173 

•  • 

4949 
3451 
1384 

•  ■ 

5235 
3457 

•  • 

6659 

3636 

9075 
6941 

4040 

•  • 

1883 
14043 

.  • 

•  • 
8034 

•  • 

3438 

1169' 

3351 

•  • 

4848 

1609 
9683 
1453 

•  ■ 

a  a 
a  • 

•  • 

•  ■ 
a  • 

•  a 

•  ■ 

a  a 
a  • 
a  a 

•  • 

•  a 

•  • 

•  a 

•  • 

•  ■ 

14 

79«9 
3104 

•  • 

4673 

2626 

3110 

4512 

10063 

. . 
« • 

•  • 

•  • 
8511 

. . 

•  ■ 

13456 

•  • 
a  • 

5453 

•  a 

6973 

•  • 

9975 

1943 

606 

5235 
3104 

•  a 

3406 

3613 

9075 
4850 
3066 

•  « 

•  • 
aa 

3509 

•  • 
a  • 

•  • 

5541 

a  • 

1331 
1060 
8149 

3715 

•  • 

3829 
2130 
1516 

47 

^3078 

50 

54469^ 

71369 

60939 

56 

79133 

49 

75943 

33 

54027 

Sloops  and  Smallbb 
Vbssbls. 

1 
1  >^ 
1  *' 

1 

1     *  " 

18 

•  • 

•  • 

6 

•  • 

•  • 

•  • 

•  • 

2 
1 
6 

•  • 

•  • 

•  a 

•  a 

•  • 

865 
6115 
8895 

•  • 

958 

.  • 
8081 

a  • 

•  • 

Y099 

•  • 

•  • 

•  • 
a  a 

604 
994 

1199 

•  • 

•  • 

•  a 

•  • 

•  a 

96 

•  m 
a  • 

•  • 

18 

.  • 

•  • 

•  • 
6 

•  a 

•  a 
a  • 

•  • 

1 

1 
6 
1 

fl  • 
a  a 
■  a 

•  • 

9 

866 

8795 
lOOlO 

•  • 

•  • 
8096 

•  • 
a  • 

1095 

•  • 
a* 

•  a 

•  • 

988 

994 

1091 

144 

•  • 
a  a 

•  • 

•  • 

759 

•  • 

4 

10 

9 

•  a 
a  a 

18 

•  • 
a  a 

•  • 

6 
8 

a  a 
a  • 

•  • 
■  a 

•  • 

6 

6 

16 

•  • 

5 

4 

•  • 

1090 

0660 

548 

•  a 

4907 

•  • 

•  a 

1099 
708 

. . 
■ . 

•  • 

•  • 

•  ♦ 
763 

1006 
8943 

■  a 

587 
971 

•  a 

a  • 

14 

•  ■ 

•  a 

•  a 

•  • 

•  • 

14 

•  a 

14 

•  • 

•  • 

•  • 

•  • 

88 

•  • 

658 
6303 
3079 

•  • 

•  a 

983 

■ . 

silo 

•  • 

3366 

4375 
9049 

a  • 

a  • 

319 
1169 

■  • 

048 
649 

11 

18 

•  • 

•  • 

•  a 

•  • 

•  • 

7 

•  • 

16 

•  • 

19 

9 

•  • 

•  • 

9 

a  • 

6 

3 
4 
6 

a  • 

88 

• . 
1060 
6660 
7885 

•  a 
a  a 

•  • 

3195 

. » 
3990 

.  • 
8674 

559 

a  • 

■  m 

384 

•  « 

1488 
488 

766 
1138 

a  a 

99490 

a  a 

•  a 

19 
90 

•  • 

5 

4 

•  a 

5 

a  a 

•  a 

8 

•  ■ 

6 

•  • 

•  • 
. « 

1 

•  • 
5 

.  • 
1 
4 

•  • 

^6 

•  • 

6629 
9170 

1*167 
1190 

1707 

a  a 

a  ■ 

783 
9*163 

•  • 

a  a 
a  a 

161 

• . 
800 

•  • 
108 

1191 

a  • 

a  a 

•  • 

1 
8 

3 
8 

•  • 

7 

m  m 
a  a 

1 

•  • 
9 
6 

.  • 

•  • 

•  • 
1 

•  a 

4 

■  a 
a  a 

5 

■  • 

•  • 

m  m 

600 
1660 
1399 
3733 

•  • 
9479 

•  • 

•  • 
445 

•  • 
600 

3079 
•• 
• « 

161 

•  * 
841 

•  • 

1506 

•  • 

Sloops. 

It 
II 
II 
tt 
ti 
II 
II 
II 
Brigs. 

II 
It 
II 
It 
ti 

Briganl 
Seh< 
Cutt 
of  . 

Bombs 

33  guns. 
96     II 
l»     „ 
16     „ 
14     ,1 
19     ,. 
10     tt 
8      II 

6     t> 
16      „ 

19     » 
!•      t, 

6      " 
6      ti 

4      It 

ines, 
x>ners,    ^ 
«n,  &c., 

•    ■    . 

r  14  guns. 

19      tt 
10     „ 

8      ,t 
0      It 
B      II 
4       II 
^  3       „ 

•  • 

Total    .    .    . 

38 

90606 

6. 

90800 

87 

94840 

97138 

26161 

41 

16366 

li 

1 

1 
li 

186 

i 

7»1 

1"^ 

1 

1 

1 

I 

41SS8 

I 

72 

I 

!i 

5TBAII-V 

BSBBLS      . 

1 

• 

. 

■                 ■ 

7 

«0 

»7» 

«  9 

at* 

lOM 

7IU 

MO 

109 

MMMO 
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Number  of  Line^f'BcUtle  Ships,  Frigatet,  Sloops,  and  Smaller  Veeaeh,  in  Ordi- 
nary  /rom  the  year  1793  to  18  L5  inclusive,  stating  the  Different  Classes  and 
the  Aggregate  Tonnage, 


Limb  or  Battls  SHirt 

YEARS. 

▲no  Feioatbs. 

1798. 

1794. 

1796. 

1800. 

1806. 

1810. 

18U. 

Rat*. 

ClaHaad  DeMrip- 
turn. 

No. 

■  • 

•  • 

■  • 

2 
S 

•  • 

11 

1 

1 

•  • 

42 

88 

•  • 

•  ■ 

5 

15 

•  • 

•  • 

•  • 

3 
3 

2 

•  • 

21 
13 

3 

■  ■ 

4 
156 

Tod- 
nage. 

•  • 

•  • 

4572 
4387 

S0970 
1814 

8185 

69190 
38808 

•  • 

5280 
13488 

•  • 

2955 
2704 
1882 

14.V)I 

7760 
1553 

1783 

No. 

1 

•  • 

•  • 

•• 

•  • 

•  • 

6 

1 

•  • 

•  V 

13 
11 

•  • 

•  • 

4 
3 

•  • 

•  • 
■  • 

•  • 

•  • 

•  ■ 

3 

2 

1 

•  • 

1 
46 

1 
1 

Tod- 
oage. 

No. 

Toa- 
naga. 

No. 

Ton- 
nage. 

No. 

•  a 

•  • 

•  • 

1 

•  a 
a  a 

8 

•  a 

9 

9 

16 

9 

•  a 

•  • 

1 
1 

. . 
.  • 

•  • 
69 

Ton- 
nage. 

No. 

Ton- 
nage. 

No. 

S 
1 
1 
9 
1 
1 
4 
•  • 

4 

4 

41 

•  • 

a  a 
a  a 

S 

•  • 

•  • 

9 
14 
18 

•  a 
a  » 
a  • 

•  • 

•  a 
a  ■ 

S 

Ton- 
aace. 

7741 
2351 

24J7 
4575 

2175 
9376 
8458 

•• 

8586 

7637 

78771 

•  • 

•  • 

9379 

. . 

•• 

.  • 

2332 
14935 
12380 

•  • 
fl  • 
a  a 

•  a 
a  • 
a  • 

9337 

lit. 
»• 
f» 
»t 

tt 

Srd. 

tt 

ft 

>t 

>t 
4th. 

6tk. 

tt 
tt 
•f 
»» 
ft 
•> 
tt 

8tk. 

tt 
tt 
tt 

Three-deeked  SMpt 

laOguni.     — 

1 18     ,,         18  por. 

lis     ,.         19    „ 

108     „          18    „ 

108      ,,          18     ,, 

98      »          18    „ 

08      ,,          IS    „ 

88      „            - 

Tw-Mdnd  8kip$. 
88  gunt. 

74     „          24  por. 
74     „          18    „ 

S  ::     = 

••    »          - 

44      „              - 

On«-decked  Skipt, 

44  gun-frigate 

40        .,        84  por. 

«        ..        18    tt 
38        „           - 
30        „         18     „ 
36        „         18     „ 
32         „         18     „ 
32        „         12    „ 
«        »            - 

28        „            — 
Total  .     .    . 

2747 

•  • 

•  • 

«  • 

•  • 

11491 
1814 

■  • 

2*1426 
15197 

•  • 

4815 
S702 

•  • 

•  • 

•  • 

■  • 

•  • 

■  • 

2077 

1204 

510 

•  a 

433 

1 

•  • 

•  • 

•  • 
2 

1 

S 

•  • 

11 

6 

•  • 

•  a 

S 
3 

1 

a  • 
a  • 

•  • 

•  • 

•  • 

•  • 

S 

. » 
1 

•  ■ 

2 
34 

S747 
3895 

1814 

4385 

I8I6I 
8S8S 

•  • 

8103 
8699 

1370 

«  • 

•  • 

•  • 

•  • 
a  • 

•  0 

1884 

619 
•  • 
868 

•  a 

»  • 

1 

•  a 

9 

•  a 

3 

•  • 

10 

a  a 

•  ■ 

■  • 

■  • 
a  a 

•  a 

•  • 

•  • 

a  • 

9457 

•  • 

4953 

5755 

a  a 

4538 

1889 

17140 

6589 

•  • 

•  a 
a  • 

889 

a  a 

1183 

1058 

1889 

1482 
1222 
1147 

1507 

a  a 

•  • 

•  • 

9986 

•  • 

6768 

•  • 

4188 

3865 

96708 

18468 

•  a 

•  • 

1061 
898 

»  • 
m  a 

5187 

3998 
3/41 

8469 

177^ 

• . 

532 
998 

a  a 
a  a 
a  a 

•  ■ 

•  • 

1 
1 
6 

1 

a  • 

•  • 
a  a 
a  a 

a  a 

■  a 

a  a 

a  • 

•  • 
a  a 

a  a 

•  • 

•  a 

9886 

9276 
8774 

•  • 

9265 

1027 

14002 

1376 

a  • 
a  • 
a  • 

•  • 

•  • 
a  • 

1142 
66«5 

109H 
966 

1395 

775 

a  • 

•  a 

a  • 

19371^ 

63825 

48101 

38 

58918 

76050 

98 

41887 

98 

153378 

SLOOrs  AMD  Smallbb 
Vbsibls. 

3 
1 

•  ■ 

•  • 

2 

•  ■ 

2 
5 

■  • 

•  • 

•  • 

•  • 

■  • 

•  • 

•  • 

•  • 

13 

978 
386 

«  • 

•  • 

409 

■  • 

609 
2184 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

3 

•  m 

348 

•  • 

•  ■ 

273 
SO7 

a  « 

3 
3 

•  • 

664 

•  • 

•  • 

807 

•  • 

•  • 

•  • 

•  • 

•  • 
m  m 

•  • 

■  • 
a  • 

•  • 

•  9 

871 

* 
4 

•  • 

896 

a  • 

574 

.  • 

•  • 

■  • 
968 

•  • 

■  • 

•  • 
.  • 

a  . 

1 

1 

•  • 

a  a 

•  • 

•  • 

_  _ 

•  • 

•  • 

9 

499 
492 

9 

•  • 

•  a 

•  ■ 
a  • 

a  • 

•  • 

•  • 

•  • 
a  a 

•  0 

7 

493 

827 
674 

•  * 

•  • 

■  • 

•  • 

958 
169 

•  a 
■  a 
a  a 

•  • 
a  • 

'75 

8 

•  • 

•  • 

6 
1 

•  • 
1 
9 

•  a 
a  a 

8 

■  a 

•  • 
a  • 

•  • 

•  • 
a  a 

1 

1990 

a  • 

aa 

9387 
284 

•  • 

236 

711 

.. 

.. 

543 

a  • 

•  • 

•  • 
a* 

•  • 

•  • 

75 
5406 

sloop*. 
tt 
it 
ff 

M 

f> 

»l 
»» 

Bomb* 

Fire-ahi 

6un-br 

i» 

Cutters, 

«* 
ft 
t> 
»» 

18-gun  ihip-aloop. 

16 

14            „ 

18-gua  Inig-iIoop. 

16            » 

14 

18 

of  8  gttiu  &  2  mort. 

pe .    .    .    14  gnna. 

Lga*    •    •    14    „ 
...     12    „ 
...    10    „ 

Ac.    .     .     14    „ 
.     .     12    „ 
.     .     10    ., 
•     •       6    f, 
.    .      6    „ 
.     .       4     „ 

Total 

4421 

832 

1158 

851 

1926 

17 
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'Number  of  Line^/- Battle  Skips,  Frigates,  Sloops,  Smaller  Vessels,  and  Steam^ 
Vessels,  in  Ordinary,  at  intervals  of  Five  Years,  from  1820  to  1849 
inclusive,  showing  their  Aggregate  Tonnage  respectively. 


Likb-of-Battlb-ships 

YEAH8.                                                                      1 

AND  FbiQATBS. 

1P80.      ) 

188S.      1 

1830.      1 

18:i6.      11 

1840.      11 

1845.       I 

1819.        1 

Rate. 

Class  and  liescnp 
don. 

No. 

•  • 
>  * 

'7' 

Ton- 
nage. 

1«97« 
4liO0 

Sii4 

18788 

•  • 

•  • 

08»3 

lOOlH 

7778 
3)00 
31109 
5040 
ItfldOl 

•  • 

•  • 

0951 

•  • 

•  • 

Ii77 
5781 

37677 

lOiV 

83130 

•  • 

1188 

•  • 

•  • 

900 

1877 

•  • 

•  • 

•  • 

J5I7I9 

No. 

0 

1 
8 

•  • 
t 
8 
8 

•  • 

•  • 

8 
1 
3 
4 

•  • 

■  • 

1 
00 

•  • 

•  • 

8 

•  • 

8 
5 

•  • 

1 

1 

3j 

•  • 

21 

■  ■ 

•  • 

1 
8 
2 
2 
4 
1 

•  • 

•  • 

•  • 

178 

Ton. 
nage. 

No. 

4 

• . 
8 

1 
2 

•  • 

•  9 

\ 

•  • 

•  ■ 

0 

4 
2 

2 

2 

40 

•  • 
m  m 
m  m 
m  • 

•  m 

•  ft 

•  • 

13 

8 

51 

1 
18 

•  • 
>  » 

1 

■  • 

2 
8 

1 

•  • 

•  • 

•  • 

103 

Ton- 
nage 

lOSOo 

7880 
28-0 
4808 

»• 
»' . 

. . 

ISOlO 

8533 
3500 

4304 

8591 

77120 

•• 

•  • 

•  • 

21707 

2i03 

67-9 
1013 

17<«9 

•  0 

•  • 

80" 

iioo 

901 

4i4 

•  • 

•  • 

•  • 

237111 

No. 
7 

•  « 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

85 

•  • 

•  • 

■  « 

•  • 

S4 

•  m 

•  • 

•  • 

•  • 

•  • 

•  • 

■  • 

SO 

Ton- 
nage. 

No. 
9 

•  • 

1 

•  • 

4 

■  a 

1 

•  ■ 

7 

•  • 

•  • 

2 

•  • 

•  • 

3 

1 
80 

•  • 

•  • 

■  • 

•  • 

•  • 

•  • 

15 

•  • 

8 

U 
84 

•  • 

6 

•  • 

•  • 

•  s 

1 
1 

•  • 

■  • 
•  a 

...     1 

lon- 
nage. 

23703 

8101 

•  • 

9016 

•  • 

80  iV 
I692f 

■  • 

4100 

•  • 

6><85 

170- 
466uY 

•  • 

•  • 

•  • 

.  ■ 
SMSv 
21 5£ 

i48i; 

300£7 

m  > 

•  a 

•  a 

*50O 
990 

a  a 

•  • 

•  a 

190950, 

No. 
8 

a  a 

1 

•  a 

•  • 

6 

■  • 

2 

•  • 

9 

•  a 

2 
2 

3 

4 

2 

88 

2 

•  • 

•  • 
m  a 

•  • 

•  a 

14 

•  • 

1 
15 
10 

•  • 

1 
1 

•  a 

•  • 

•  • 

7 

•  a 

8 

•  • 
• 

1  7 

Ton- 
uage. 

81187 
8457 

•  • 

li805 

a  a 

6281 

20483 

.Vl8(> 
4118 
l>3^7 

7779 

49291 
4427 

a  • 

•  a 
a  a 

a  a 

28*119 

17904 
*il()J7 

'nio 

1034 

•  • 

•  • 

5777 

1903 

•  ■ 

818818 

No. 
9 

•  • 

•  ■ 
a  V 

6 

a  • 

8 
2 
0 

•  • 

7 
0 

•  • 

1 

•  ■ 

13 
2 

•  • 
a  a 

•  • 

a  a 

•  • 

34 

•  • 

1 

4 

80 

4 

1 

•  • 

•  fl 
• 

1 

0 

8 
1 

■  • 

4 
l.'S 

Ton- 
nage. 

880-^8 

•  • 
. . 

18004 

•  • 

7810 
0820 

13041 

iViOo 
12285 

1947 

•  a 

22956 
4427 

•  • 

•  • 

•  • 
4'i898 

1074 

•I7b9 

2t(M:4 

0511 

910 

•  • 

•  • 
923 

77*8 

2ro» 

6h0 

•  • 

88*3 

215131 

1st. 

»l 

M 
•9 

n 
»• 
»t 

3nd. 
f* 
>t 
f» 

8i4. 
fi 
t» 
t> 
»• 
»f 
f* 

»» 

>t 
»* 

6<L 
If 
»» 

M 
f> 
»» 

«'di. 

•f 
M 
ft 
f* 
f> 

Corvette 

Tkre€'deek«d  8kip$ 
180  guns. 
118     „ 
110     „ 

iM  ;; 

184     „ 
08     .. 
TVfh.ieeked  SMi^. 
9<gnas. 

9>»     .. 
84     „ 

88      „ 

80      „ 

78     „       94poT. 
78     „        18    ,. 
70     ,.        24    „ 
70     M        18    „ 
74      „ 
78     „ 
70      „ 

J*     » 
00     „ 

88     ». 
One'deeked  Shipa. 
00  guns. 

8*     » 

60     ., 

48     „ 

48      „ 
44      „ 
42      „ 
4»      „ 
88      ., 
80      M 
88      „ 
30      ,. 

S  :: 

84      „ 

88 

«0     >. 
18     » 

TrUl  . 

1658S 
2351 
4»74 

m  m 

481H 

11488 

08  J;. 

•  • 

feoi 

2130 
0AA4 

7090 

•  • 

V»9 
10^170 

•  • 

sil5 
4850 

7448 

•  • 

117. 
8778. 

20*110 

•  • 

1013 
7<o 

XS91 

100. 

181U 

484 

•  • 

•  • 

•  • 

18471 

•  • 

607 

i*/78 
9«74 

•  • 

•  • 

18223 

4llf 
5777 

•• 

1949 

I*- 5 

6906< 

•  • 

1*439 

iio9 

4407 
13r44 

117 
59440 

8801 

. . 

io3i 

1088 

370  < 
S3U4 

•  • 
s  • 

467 

•  • 

121700 

20l.'.04 

BiAors  *  Ohaubb  Vbbmm. 

•  • 
6 

41 

1 
8 

•  • 

7 

•  • 

•  • 

•  • 

8 

•  • 

•  • 
•• 
. . 
. . 

1 
t 

.. 

.* 

. . 
5 

78 

• . 

8407 

15824 

294 

717 
1007 

.  . 

•  • 

•  • 

1461 

•  • 
. . 
*• 

« • 
281 
7« 

•  • 
■  • 

•  • 

•  m 

9  • 

1787 
84108 

•  • 

2 

27 

1 

8 

•  • 

24 

•  • 

•  a 

•  • 

7 

4 

•  • 

•  * 

1 

•  • 

•  • 

1 

•  • 

•  • 

•  a 

•  • 

•  • 

2 
78 

•  • 

»84 

1047» 
807 

7i7 

67*9 

■  • 

•  • 

•  • 

189; 

911 

•  • 

•  • 

188 

•  • 

•  • 

101 

. . 

•  • 

•  • 

•  • 

701 

81395 

39 

4»r. 

405 
4002 

•  * 
25) 

•  • 

•  • 

•  • 

•  ■ 

691 
8777 

•  • 

•  • 

•  • 

•  • 

•  0 

•  • 

•  • 

835 

•  • 

94fl 

•  • 

1441 

•  • 

•  • 

1 
4 

1 
1 

7 

. . 
1 

8 

2 
8 

■ . 
1 
1 

■  • 

•  • 

4 
1 

•  • 

•  • 
•  • 

I 
1 

30 

a  m 

•  ■ 

4»5 

1547 

850 

243 

1015 

•  s 

235 

8-iO 

8i;i) 

1880 

•  • 

232 
lOb 

•  • 

•  • 

010 
181 

•  • 
■  • 

•  • 
837 
87i 

men 

•  9 

a  a 

8 

8 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

1 
8 

.  • 

a 

•  ■ 

•  • 

•  • 

1 

•  » 

•  a 

1 

•  a 

•  « 

10 

■  • 

1407 
1.65 

a  • 

•  a 

•  a 

•  • 

•  • 

•  • 

183 
705 

.. 
470 

•  • 

•  • 

•  • 

144 

•  • 

852 

•  • 

106 

•  • 

a  a 

4S-»4 

a  « 

2 

4 

6 

•  • 
m  • 

•  • 

•  • 
a  a 

•  a 

1 
0 

a  • 

2 
6 

a  a 

•  a 
a  • 

•  • 

8 

•  a 

•  a 

1 

■ . 

89 

1000 

I9S9 
212 

a  a 

•  • 
a  • 

a  ■ 

■  • 

a  a 

44& 

i:t84 

'sfll 
1141 

a  a 
a  a 

•  a 
a  a 

681 

a  a 

•  a 

230 

•  • 

a  a 
a  a 

3 

4 

8 

14 

a  a 

2 
1 

•  ■ 

1 

•  • 

2 
6 
1 

•  • 

•  • 

•  • 

1 
1 

•  • 

•  a 
a  • 

•  • 

43 

•  • 

•  • 

ICSR 
8I98 
8686 
08J8 

718 
888 

•  • 
440 

•  • 

710 

1374 

888 

•  a 

•  • 
a  • 

192 

187 

•  • 

•  • 

•• 
177 '0 

Sloops. 

•f 
•• 
•• 
» 

H 

n 
•> 

Biigs. 

*• 
•• 
>» 
t» 
•» 

Brigaat 
Scho 
Cutt 
of  . 

Bombs 

88  gun 
80     „ 

18      M 
10      „ 

14      M 
18      M 
18      „ 
8      •> 
0      •> 
18      M 

I*        M 

JO     „ 

4      » 

Ines, 

oners.    ^ 
ers,  fte., 
•    •    . 

s. 

rl4  gans. 

l«     » 
18      „ 

I      " 

8       ., 

4       „ 

"^   8       „ 

•'•'••'  1 

Total  .    .    . 

11778 

0184 

Btsam-Vbbssu  ...... 

d 
8 

"wo 

I 

m 

e 

m 

M 

1180 

1 

8040 

• 

0 
15 

at 

f«00 

1 

8804 

• 

e 

is 

3a. 
looi 

J 

IJ875 

• 

0 

80» 

1 

00870 

2i>2 
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List  of  French  Ships  Afloat^  Ut  JprUy  1850.— 1 .  Line^f-Battle  Ships  f  Frigates. 


NAMES 


Oc^an  .  . 
Montebello 
Soaverain  . 
Friedland  . 
Valmy  ,  . 
Hercule 
Jemmapea  . 
Tage. 

J^oa  (ras^e) 
Saffren  •  • 
Infl^zibla  . 
Bayard  .  • 
Diad^me  . 
Sand- Petri 
Neptane  . 
Japiter  •  . 
Nestor  .  . 
Marengo  . 
Trident .  . 
Ville  de  Marseille 
Alger  .  . 
Triton  .  . 
Coaronne  • 
Gen^reux   . 

Frioatbs 
Tpbigenie    . 
Dtdon   .     . 
Ind^pendante 
Uranie  .     . 
Bslleponle  . 
S^miilante  . 
Androinaqae 
Forte     .     . 
Renomm^e . 
Pers^v^rante 
Calypso.     . 
Syr^ne  •    . 
Atalante 
Androm^de 
N^r^ide .    • 
Cl^op&tra  . 
Dana^    .     . 
Virginie 
PoursuiTante 
Alceste  .     . 
Reine- Blanche 
Pandore 
N^m^is 
Gloire    .    . 
Erigone .     . 
Africaine 
Charte  .     • 
P^n^Iope    . 
Psycb^  .     . 
Clorinde     . 
Pomone  (anzili- 
ary  screw-ship) 
H^liopolis  . 
Z^nobie 
SybiUe  .    . 
Jeanoe-d'Arc 


} 


When 

Lannefa- 

ed. 


790 
812 
819 
840 
847 
836 
840 
847 
814 
829 
839 
847 
811 
818 
818 
831 
810 
810 
811 
812 
815 
823 
824 
831 

827 
828 
828 
832 
834 
841 
841 
841 
847 
847 
8*23 
823 
825 
833 
836 
838 
838 
842 
814 
846 
837 
846 
847 
837 
836 
839 
842 
840 
844 
845 

845 

847 
847 
847 
847 


No. 

of 

guns. 


120 

120 

120 

120 

120 

100 

100 

100 

90 

90 

90 

90 

86 

86 

86 

86 

82 

82 

82 

82 

82 

82 

82 

82 

60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
50 
46 
46 
46 
46 
40 
40 

40 

40 
40 
40 
40 


Length  on 
the 
Lter-Iine. 


feet. 
206-66 


191-93 


181-45 


176-90 
177-44 

177-44 
177-12 
17712 


•  170-56 


170-56 
170-56 
170-56 
170-56 
170-56 


} 


157-40 

157-40 
157-40 
157-40 

170-56 


Breadth 
Moulded. 


feet. 
53-28 

53-80 

57-41 

53-15 

53-28 

51-67 

5003 


47-50 


46-34 
46-24 

46-24 
45-92 
45-92 


43-95 


43-95 
43-95 
43-95 
43-95 
43-95 


40-67 

40-67 
42-64 
42*64 

42-64 


Depth  froDi 

upper  part 

of  keel  to 

the  load- 

wster  line. 

Displace- 

raestin 

tons. 

Constnictors' 
Names. 

feet. 
23-95 

4982 

San^ 

24-11 

5005 

SanI 

26-08 
23*13 
23-45 

5154 
4374  < 
4650 

Leronx 
Committee  compased 
of  Messrs.  Sao4,  Uol- 
land,  Laird,  Tupinicr, 
and  de  Lamorioiera. 

San^ 

22*44 

3998/ 

The  same  Com- 
mittee 

21*98 

3093 

San< 

20-34 

2964 

San^ 

19-02 
19-02 

2734 
2470 

de  Lamoriniere 
Leronx 

19-35 

2667 

Barallier 

19-16 

2519 

Boucher 

19-68 

2519 

Simon 

19-18 

2265 

Hubert 

19-18 
19-15 
1915 
19-18 
1918 

2269 
2266 
2266 
2276 
2276 

Barallier 

Leronx 

Leroux 

Perroy 

Perroy 

16-85 

1675 

Hubert 

17-05 
17-25 
17-25 

1630 
1645 
1645 

Gttillemard 

Boucher 

Boucher 

17-25 

1891 

Boucher 

— 

— 

Hubert 

— 

— 
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LUt  of  French  Skipt  Afloat^  \9t  Aprils  1850. — 2,  Corvetiei,  Brifft,  &  Sekoonen. 


NAMES. 


Whm 

Luinch- 

•d. 


No. 

of 
gvas. 


Lan^thoB 
the 
>Une. 


Breadth 
Moulded. 


Drpth  from 
ipper  put 
of  keel  to 
the  loa*!- 
wmtrr  line. 


Ditplaee. 

ment 
in  tons. 


CoDttroeton' 
NuitM. 


CoaTBTTIS. 

H^rolM     ..  . 
Ariono  ..  ..   .. 

t^OUMOlo    ..    . 

Sobino 

Alcmteo     ..   • 
Rmboaeode 
BsrAonAiM 
Art'dniM    ..  . 
Oalathdo    ..  . 
Sonmo 


{Smnti  FriKoin,) 
IftM 
18M 
184S 
I8S4 
\9t\ 
18S7 
1840 
lt46 
IMS 
IS  10 


COBTBTTBt,  wUh  Fhl$h  OfCA. 


Danaxde 

Pcrlo     

Att'olabo  ..  . 

Bmioa. 

Cfgne  

Oteie 

Entreprmanto 
RaUleur  ..  . 
FBbort 


Adticb  Bbios. 

Voian 

Roailgool 

Fandour 

AUaeienno,  gun-biig 

8€B009lB&a. 

Jooveaeallo    . .   . . 

Faa?ett«    

PaT'>ri,eutter  .... 
Portupo,  tranapofft. 


183S 
1M9 
1611 

ins 

ISIS 
18  i0 
1S47 


ISSS 
1(«4S 
ISIS 


1SI1 
ISIS 
ISIS 

IHSS 


34 

S4 

18 
16 


IS 

U 


10 

IS 
10 


4 


fcet. 
1377« 
1877« 

U77« 
JS7  7« 
I»77« 
1377« 
I4rsi 
uro4 

I41t4 
14SSS 

IS4*SS 

109'S1 
101 -ss 

IIS.SS 
100-SS 

iirss 
9S'is 

9S*4S 

0M7 
OO'dS 
9S*0S 

ss-ss 

es*di 

69'OS 

S9S7 
]4S*00 


feet. 
SS-09 

SStt9 
SSHiO 
SS'OQ 
SS'flO 
S  M19 

SS7<* 
S*70 

sr70 

U'll 

SfOl 
S77S 

1771 

S9*St 
sr49 

SI '01 
S7*SS 
SS-JiS 

f6*S4 

t7'9S 

S7-SS 
»'90 

tO-S4 
16'/4 
11*96 
S4MS 


feet. 
18-87 
IS'87 

18•^^7 
18*87 
l:r87 
1S-H7 
14-98 
IS'OS 
IS-OS 
18*74 

irrt 

11-77 

ir89 

11-81 

11-98 

18-01 

9'8« 

977 

9' IS 

••97 
9*84 
7*S4 

0*09 

5-77 

14-7« 


laoo 
looa 

1008 

1000 

l«00 


POfiyy 

Leroux 

Leffotts 


1188 
1118 
l«M 

isa0 

718 
448 
781 

SS9 
880 
48S 

808 


drM 


Chand 


Rocer 
Bofland 


JTWW* 

[▼iootpagt 
Comoaittee  a*  ia  |iio> 
Bourher 
de  SeoaeviUa 
Pr^tot 


980 


t14 

lot 

S4 

184 
187 


Maraaticr 
Alliz 
Boucher 
de 


Holland 
Boucher 
AUiz 
Forfiut 


French  Shipe  in  the  Couree  of  Building^  let  April,  1850. 


NAMES. 


WhfB 

laid 

dowo. 


No. 

of 

gnna. 


Length  on 

Uie 
Water  line. 


Breadth 
Moulded. 


l>epth  fiom 
upper  part 
of  K«  el  to 
the  load- 
water.line. 


Dieplaee- 

ment 
in  tone. 


CoBstmctera' 
Ni 


Vllle  de  Paria  . .    . . 

LoubXlV 

Pleurua 

Ulm 

Duguay-Trooia   . . 

Annibw 

Turenno    

Henri  IV 

Nararin     

Auaterlits 

Wagrann    

Rylau 

AchiU 

Alejcandre 

Caati|ilione 

Donawerth 

FoBttBoy 

Hector 

Sceptre 

Tlbitt 

DuqueeBC 

Tourrilie 

Jean-Bart 

Vengeance  •  •  .  •   • . 
Rntreprenante 
Dacheaa  d*Orieana 

Semiramia 

Bellone 

Mafpciinne     ..  .. 

Aatrfe 

Hermione 

Cired     

Flore     

Themia 

Algeria 

C^rea    

Amaione    

Thiabd       


1607 
181 1 
I6«S 
IHX6 
iwt7 
•817 
I8«7 
1889 
ISSi 

ixas 

1688 
1683 

1H46 
1846 
1688 
1687 
1HS7 
1H84 
1^88 
1888 
1647 
1647 

18S9 
1880 
l»89 
16«9 
1848 
1818 
1646 
1847 
1647 
1647 
16  7 
Ift-IS 
16 17 
1648 
1647 


1^0 

luO' 

100 

100 

100 

100 

100 

100 

IfM 

100 

11*0. 

00 

90 

Ott 

94 

vo 

00 

80 

80. 

80 

80 

80 

00 


DO-t 

60I 

ooj 


00 
80 
60 
SO 


SO-i 
SO  I 

SO  r 
so  J 
40 
40 

so 

%8 


CoBTBTTM,  wUh  Fhuk  Deck, 

SentiaeUe I    1810 

Biche 1840 


leet. 
807-89 
807-86 


804-80 


197* 


178-98 

17B-9S 
170*S0 
]7O'S0 
178*68 

170-SO 

1S6*90 
1S7*44 
170-56 
141-04 

lU'SS 
IIO'OO 


feet. 
S3-80 
88*60 


88*18 


88*88 


4S*9S 

48*99 
4S-98 
4S'98 
4S*9' 


4S'9S 

48*04 
48-64 
46-11 
88</0 

88*80 


leet. 
84-11 
84-11 


tS'18 


trds 


19^ 

19-08 
19*88 
1868 
18*88 


19'1S 

16*09 
17  88 
19*16 
14*98 

18*89 
18-80 


SOOS 
SOOS 


4874 


9880 
81S0 
9910 

980S 

iOOO 
1780 
88  <4 
1188 

448 
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Sanft 
S«n« 


Conanittaa  bcfoce 


deMoroo 

8ochoC 


Hnbttt 


Robert 
Lerris 
Chederilla 
de  Moiaa 

OervaJM 
Dopoy  de  Idaa 
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An  Abstract  of  the  State  of  the  French  Navy,  in  the  years  1842,  1845,  1847. 

and  1850. 


DESCRIPTION. 


SailiHg  Shift  and  Vettelt. 


II 


II 


It 


Ship*  of  190  gwu 

Ships  of  100    „ 

Shiptof  90   M 

Ship*  of  80   „ 

^lip*  of  8a    ,, 

Ship*  of  80    „ 

Frigates  of  60  g;inu 

Frigates  of  58 

Frigates  of  AS 

Frigates  of  50 

Frigates  of  40 

Frigates  of  40 

Corvettes  of  SO  guns 

Correttes  of  88 

CoirettM  of  90 

Corvettes  of  94 

Corvettes  of  20    „ 

Advioe-Corvettes,  10 
14  guns 

Brigs  of  20  guns 

Brigs  of  18    ,, 

Bh^  of  10  and  14  guns. 

Advice-Brigi  of  10  guns  . 

Onn-Brigs  of  8  guM 

Oun-Brigs  of  0 

Oun-Brigs  of  4    , 

Schooners,  Cutters,  Lug- 
gers, &e.,-  0  to  8 guns 

Batimentt  dejlotille,  con- 
sisting 01  Cutters, 
Schooners,  ftc,  of  4 
guns  and  under 

Corvettes  de  Charge  of  800 
tons 

Transports,  &c.,  of  094 
tons  and  under 

Total  Sailing  Ships  and 
Vessels 


Steam  Ships  and  VetteU. 

Steam-frigates  of  000  h.p 
Stesm-tngates  of  540 
Steam-fingates  of  450 
Steam-corvettes  of  400 
Steam-corvettes  of  390 
Steam-rorvettes  of  800 
Steam-corvettes  of  900 
Steam-corvettes  of  220 
Steam-vessels  of  900 
Steam-vesseb  of  180 
Steam-vessels  of  100 
Steam- vessels  of  150 
Steam-vessels  of  190 
Steam-vessels  of  100 
Steam- vessels  of  80 
Steam- vessels  of  70 
Steam-vessels  of  00 
Steam-vessels  of  50 
Steam-vess.  of  90  &  90 

Total  Steam-ships  and 
vesaels   


*  89-gua  ships  wtn  formerly  80-gun  ships. 
t  There  were  also  a  frigate,  two  corvwttts,  and  an  mviMo,  with  anxiliary  st«UB-powv»  tU  to  contniisiOn. 
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APPENDIX. 


An  Jbitraet  of  the  Number  of  Brituh  SMpto/each  CioM,  built /ram 
qfOeo.  Ui  to  1850  ;  with  the  principal  dimetuums  qf  the  largeet 
Clou  in  the  reepeetive  Beigna, 


the 
Ship  oftatk 


1 

Principal  Dimenaions  of  the 

i 

BviU  dttilBg  tho 

No.  of 
Gtuu. 

No.  of 

SUiM. 

larRMt  Ship. 

Bnrthcn 
in  Tom. 

BaigBof 

Length  oa 
Deck. 

Brcodth 
Eztfeme. 

ft.   ins. 

ft.  int. 

90 

1 

163  0 

47  3 

1565 

84 

1 

175  4 

50  3i 

1918 

80 

2 

164  0 

47  6 

1586 

70 

2 

151  0 

41  10 

1147 

60 

1 

144  7 

39  0 

954 

George  tht  Fint  .  . 

50 

3 

134  6 

36  3 

767 

-— ■— '   ^ 

44 

2 

134  0 

36  0 

756 

8 

3 

76  6 

22  4 

164 

6 

1 

51  6 

15  2f 

46 

4 

1 

72  0 

20  a 

122 

2 

1 

54  2 

17  1 

65 

100 

2 

178  0 

51  9i 

2047 

90 

7 

174  Hi 

48  7i 

1814 

80 

5 

166  0 

47  0 

1615 

74 

12 

171  2f 

49  4 

1799 

70 

13 

161  0 

46  1 

1478 

68 

1 

164  0 

47  2 

1567 

66 

1 

158  0 

45  5 

1401 

64 

7 

160  0 

45  4 

1436 

60 

17 

154  8 

43  10 

1297 

50 

5 

143  3 

41  3 

1044 

44 

4 

140  9 

37  11 

856 

George  the  Second  .  * 

36 

3 

128  4 

35  lOf 

728 

32 

11 

125  5i 

35  9 

704 

28 

12 

125  2i 

35  9i 

706 

24 

8 

113  3 

32  3» 

522 

22 

2 

107  8i 

30  5 

440 

20 

7 

109  4 

30  6 

451 

16 

2 

96  4 

27  4 

313 

14 

1 

91  6 

26  1» 

272 

12 

1 

72  0 

22  6 

157 

10 

8 

88  8 

24  3 

238 

8 

7 

73  6 

21  0 

144 

120 

2 

205  0 

54  6 

2616 

112 

1 

198  0 

52  7 

— 

110 

1 

190  0 

52  6 

2289 

104 

3 

196  0  ' 

53  0 

2278 

100 

5 

190  2i 

53  2i 

2351 

98 

18 

185  0 

51  2 

2121 

90 

1 

176  W 

49  Of 

1833 

80 

2 

183  8 

50  8 

2062 

78 

1 

181  1 

49  If 

1919 

76 

3 

182  0 

49  3 

1940 

74 

118 

184  2i 

50  Oi 

1964 

70 

1 

162  0 

44  8 

1426 

64 

45 

173  1 

43  4 

1439 

George  the  Tliird  .  * 

56 
52 

2 

1 

175  U 
146  0 

43  If 
40  8 

1426 
1052 

50 

20 

166  4i 

42  9i 

1388 

48 

1 

158  0 

40  8 

1172 

46 

14 

154  3 

39  8f 

1098 

44 

22 

140  3i 

38  6i 

911 

42 

20 

152  5i 

38  0 

996 

40 

4 

159  3i 

42  7f 

1277 

• 

38 

20 

150  0 

39  101 

1058 

36 

21 

150  2 

39  9 

1053 

32 

57 

144  0 

37  8i 

919 

28 

34 

127  4 

34  10 

689 

26 

19 

113  3i 

29  8i 

484 

« 

24 

13 

119  0 

32  9 

563 
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Jn  Abstract  qfthe  Numler  of  British  Ships  of  each  Class,  ^e, — (Continued,) 


Principal  Dimenilona  of  the 

Built  dorinff  the 
Reign  of 

No.  of 

Goxia. 

No.  of 
Ship*. 

largest  Ship. 

Burthen 
in  Tons. 

Length  on 

Breadth 

Deck. 

Extreme. 

ft.    ins. 

ft.     int. 

f 

22 

12 

118     2 

32     Oi 

540 

20 

7 

108     0 

30     3 

435 

18 

61 

100     3 

30     8 

387 

George  the  Third  .    •< 

16 
14 

16 
92 

108  10 
108    4 

29    7 
29    7 

422 
429 

12 

14 

96    4 

25  11 

285 

10 

20 

90    7 

24    8 

248 

^ 

6 

2 

90    3 

24     6i 

237 

120 

5 

205    0 

53    8i 

2619 

110 

2 

197  11 

53    0 

2446 

106 

1 

196    0 

52    8i 

2404 

104 

1 

186    Of 

51     4i 

2149 

84 

10 

193  10 

51     5i 

2255 

82 

1 

187    2 

50  Hi 

2139 

80 

6 

196    6 

51     7 

2299 

74 

36 

176    5 

47  11 

1774 

60 

3 

174    0 

45     li 

1572 

58 

1 

154    4 

42    Oi 

1199 

George  the  Fourth  . 

52 
50 

6 
3 

172    9 
159    2i 

43    8f 
42    4 

1468 
1260 

46 

58 

159    0 

41     5i 

1251 

42 

21 

145    0 

38    2 

959 

32 

1 

118    5 

31     7 

522 

28 

14 

119    0 

33    8 

606 

26 

12 

121    6i 

34     1 

620 

20 

17 

118    9 

33    3i 

558 

18 

22 

109    8 

30    7 

435 

10 

32 

90    9 

24    9i 

256 

6 

17 

89  10 

24     8i 

237 

iteamyesselB 

22 

179    4i 

31  11 

835 

120 

3 

205    6 

54    9 

2718 

92 

1 

205    6 

53  lOi 

2626 

84 

3 

196    6 

51     7 

2299 

80 

1 

190    0 

56    3 

2609 

50 

1 

176    0 

52    Oi 

2082 

46 

1 

159    0 

41     8 

1228 

36 

3 

160    0 

48    5i 

1633 

William  the  Fourth  •  < 

28 
26 

2 
6 

130    0 
130    0 

35     2f 
40    5{ 

717 
925 

18 

7 

120    0 

37    4 

734 

16 

1 

105    0 

33    2 

485 

12 

9 

102    5 

32    0 

435 

10 

5 

90    0 

29    2i 

323 

6 

4 

95     li 

30    H 

363 

brigantmes 

10 

95    2i 

30    1 

361 

steamyessels 

23 

178    0 

37    Oi 

1111 

120 

2 

205    6 

54    9i 

2721 

110 

1 

204    2i 

59    2i 

3104 

92 

2 

205    6 

53    9i 

2622 

90 

1 

204     0 

59    4i 

3110 

80 

8 

190    0 

56     H 

2596 

78 

1 

188    8 

50    5 

2098 

70 

2 

180    0 

53    6 

2214 

50 

9 

180    0 

52    2 

2126 

Victoria  to  1850     .    * 

36 
26 

5 

8 

160    0 
131     2 

48    5i 
40    3 

1634 
923 

20 

1 

120    1 

37    3i 

734 

18 

3 

120    0 

37    4 

734 

16 

15 

110    0 

34    6 

549 

12 

9 

103     1 

32    Oi 

445 

10 

3 

93    0 

29    3 

329 

6 

5 

95    0 

30    0 

358 

3 

1 

90    0 

29    0 

319 

steamyeasels 

92 

226    2 

42    0 

1850 

> 


3  2044  044  835  676 


■  f.^^f^tat* 


^'^ 


or*. 


